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ABSTRACT 

Muc h  of the eco nomic l os s  occurr i ng during s torage of bar l ey 

gra i n i s  th at due  to funga l  deteri oration . I n  add i t i on ,  th e deve l o p­

ment  of mycotoxi ns du r i ng s torage may res u l t in contamination of 

a n i mal  feed st uffs . 

I n  this study b ar l ey from s amp l es obta i ned at  h arve s t ,  from 

commercia l  si l o s after 5 and 9 month s '  s torage , from farm s i l os after 

5 month s '  storage and from l aboratory- s tored s amp l es he l d at 4°C and 

at  amb i ent  temperature  were s u bj ected to various f unga l  i so l at i on 

tec hn i q ues . These tec h n i q ues were designed to  prov i de i nformat i on o n  

t he  tota l  v i ab l e  c o u n t s  of  the  whol e gr a i n  and of  the  outs i de and 

i n side s urfaces of the  h u sks and caryop ses . I s ol ates of Aspergi l l u s 

f l avus  were screened for tox i ge n i city and the  bar l ey i tse l f  was s u b­

j ected t o  mu l t i mycotox i n  a na l ys i s .  

To inve s t i gate l eve l s  of contaminat i on ,  di l u t i on p l at i ng of  

s upernatants from the  in ner and  outer parts of grains were ex ami ned . 

D i fferent i a l  v i ab l e  counts  revea l ed wi de var i at i ons between samp l e s at 

h arvest and after storage wi th most  contaminat i on on the  ou ter s ur­

fac e .  11C l ean11 gr a i n  s h owed higher outer t h an i nner  counts , but  for 

mo u l dy gra i ns  i ns i de counts  were great l y  i ncreased . I t  was conc l uded 

t h at i n side counts give  a better i ndication of gra i n cond i tion . 

Commerc i a l l y-s tored gr a i n s howed a marked decrease i n  v i ab l e 

c o unts  over t i me ,  a s  did the  l aboratory- s tored gra i n a l thoug h  those  

h e l d at 4°C showed a sma l l er decreas e .  I n  contras t ,  t he  farm- stored 

g ra i n cont i nued to y i e l d h i g h viab l e  coun ts . These counts  cou l d be 

r e l ated to storage cond i t i on s .  

Amongst  the  genera i so l ated from d i l u t i on p l ates , A l ternar i a was 

the most frequent  and persistent ,  wh i l st o thers , i nc l ud i ng 

C l adosporium and Fus arium , s h owed fa l l ing  l eve l s over the  peri od of  

i nvest i gation . The  ge nera Penici l l ium and  As pergi l l u s s howed r i s i ng 

frequenc i e s  wi th storage and were predomi n ant  i n  mou l dy s amp l e s .  

M i c roscopic exami n a t i on  and cu l t ur i ng o f  c aryops i s  sections and 

h u sk s u rf aces  revea l ed the s i gn i ficance and d i st r i b ution of variou s  



i i i 

gener a .  A l ternaria was found in a l l fraction s whereas Penicil l ium was 

comp l et e l y  absent from grain at harve s t ,  l ater appearing on  t h e  outer 
h u sk a nd fin a l l y  on the  inner h u sk after pro l o nged storage at ambien t  

t emperature . 

Micros co py of s t ained caryopsis sections  showed hyphae on l y  in 

tho s e  from mou l dy grain . Microscopy of s tained husks revea l ed hyphae 

o n  and  in both husk su rfaces of a l l grains , with a greater abundance 

o n  the inner s u rface and in mou l dy h u sks . S . E . M .  observations confirmed 

these  finding s  and estab l ished the  ad herence of spores and hyphae to 

grain struct ures and t heir roug h s urf aces . 

Some hypha l  fr agments associated with the grain can  c au se  

mycotoxin contamination . Loose l y- at tached hyphae were examined using 

memb r ane fi l t ration and micro-manip u l ation techniques . I t  was found 

t h a t  whi l st  total  l eve l s of hypha l  fragments showed l it t l e decrease 

d u ring storage , their viabil ity dropped considerab l y .  For  si l o - and 

l aboratory- s tored grain , t he  viabi l ity dropped from over 20% to  5% . 

I n  contrast, over 45% were viab l e  in a mou l dy samp l e .  

Of th e funga l  species isol ated , species of the Aspergi l l u s f l avus  

group  were screened for afl atoxin production using coconut  agar  

f l u orescenc e .  Positive isol ates ranged from 3% for farm- s tored grain 

to 2 5% of those  from grain at h arvest . Se l ected A .  f l avus  iso l ates 

were cu l t ured on moist bar l ey which when  ana l ysed for af l atoxin g ave 

ide n tic a l  res u l t s to those  from the  coconut  agar . 

A mu l timycotoxin techniq ue was  used to screen 1 4  bar l ey samp l es 

for af l atoxins , citrinin , oc hratoxi n ,  T-2  toxin and zeara l enon e .  On l y  

o n e  obvious l y-mou l dy s amp l e  proved positive for af l atoxin , citrinin 

a nd oc hratoxin . I t  appears t hat  a l though � f l avus  and other poten­

tia l l y  t oxigenic fungi can  be reg u l ar l y  iso l ated from b ar l ey grains ,  

o n l y  in exceptional  circumstances are they of significance  in re l ation 

to mycotoxin contamin ation of stored grain . 
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PREFACE 

In  s p i te of  ad vances i n  technol ogy, m i l l i ons  of do l l ars worth of  

cerea l s ·are l ost e ach  year through  spo i l age  of var i ous  sorts . I n  

tec hno l o g i ca l l y- advanced co untries,(such as New Zeal andl where i nsect 

and rodent i nfestat i ons  of stored gra i n s  c an usua l l y  be  kept  under 

reasonab l e  contro l , fungi  are cons i dered to be the major  cause  of  

deter i or at i on and  spo i l age of newl y- h arvested and stored gra i n s  

( Cieg l er ,  1 978 ) . I nc i p i ent deter i orat i on i n  grai n q ua l i ty beg i n s as 
soon as gra i n  i s  harvested and under s u i t ab l e  cond i t i on s ,  fung i 

read i l y  prol i ferate res u l t i ng i n  gross spo i l ag e .  

F o r  many year s ,  there was a tendency to regard funga l  growth on 

food commod i t i es as harml ess ; a n u i sance affect i ng commod i ty appear­

ance and perh aps a cause of l os s  and spo i l ag e .  When contami n at i o n  was 

severe ,  commod i t i e s deemed unfi t for human consumpt i on mi ght  perhaps  

st i l l  be  used as an i ma l  feed . However , ever s i nce the d i s co very of 

the af l atox i n s and tox i gen i c  Aspergi l l u s  f l avus spec i es two decades 

ago , fungal  growth i n  cereal  gra i n s  was v i ewed as a poten t i a l  hea l th 

haz ard . 

The  genera of fung i most i mp l i cated bel onged to t he  " storage 

fung i " ( C i eg l er ,  1 978 ) , but an i ncreas i ng number of stud i es have  shown 

the e l aborat i on of tox i ns  by oth er funga l  gener a .  The range of fun g i  

wh i ch c a n  b e  i mp l i c ated i n  tox i n  format i on i s  now known to  be  a l most  

l i m i t l es s .  The wi despread and  freq uent occurrence of tox i gen i c  fung i  

i n  agr i cu l tu r a l  commod i t i es i nd i c ate a constant potent i a l  h azard 

( Dav i s ,  1 981 ) .  

The dev e l o pment  of spec i f i c methods of ana l ys i s has  l ed to  the  

d i scovery of a wi de  spectrum of mycotox i c  compound s at  l ow but  s i g­

n i f i cant  l ev e l s i n  many samp l es of food contami nated wi th  fung i . 

Cereal  gr a i n s represent the most  i mportant commod i ty contami n ated by 

mycotox i ns ( Hesse l t i ne ,  1 974 ) . Cont ami n at i on i s  u sua l l y  t he resu l t  of 

fau l ty h arvest i ng and i mproper storage , a l though  mycotox i n s  can  be  

prod uced before h arvest ( Scot t ,  1 978 ; Sto l off , 1 979 ) . The  presence of  

fung a l  t ox i ns i s  potent i al l y  a ser i ous  prob l em as  most mycotox i n s are 

stab l e  and even pers i s t i n  food commod i t i es after the fung i th at 

prod uced them are k i l l ed ( Moreau , 1 9 79 ) .  
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I nge st i o n of contami nated food can  resu l t  i n  acu te  .or chron i c  

symptoms of toxi coses as we l l as i n s i d i ou s  effects i n  both man and 

an ima l s ( Wyl l i e & Morehouse ,  1 978 ;  N at i ona l  Ac ademy of Sc i ences , 1 979 ; 

W . H . O . , 1 97 9 ; Pi er et �' 1 980 ; P i e r ,  1 981 ) .  Thu s ,  t h e  economi c 

consequences  of crop l osses due  t o  funga l  attac k  and concomi t an t  

mycotox i n product i on are of concern when ensur i ng  the  prod u ct i on of  

who l esome food prod ucts and l i vestoc k feed s for the  markets  of today. 

B ar l ey i s  w i de l y  grown i n  New Zeal and as a feed for l i vestock , 

for export and for human consumpt i on and brewi ng . The s t u d i es on 

gra i n  deter i orat i o n  and mycotox i n contami nat i on over seas h ave  concen­
trated ma i n l y  on cereal gra i ns other than  b ar l ey, wh i l st s imi l ar 

stud i e s are very l i m i ted i n  N ew Zea l and . These factors , together wi th 

the i nc reas i ng p roduct i on and use  of bar l ey part i cu l ar l y  i n  an i mal  

feed-stuffs i n  t h i s country, meant that more  i ntens i ve s tud i es wou l d  

be usefu l i n  underst and i ng the  l oc a l  s i tuat i on .  

The i nves t i gat i ons reported h ere concern the  c h ang i ng funga l  

f l ora  of bar l ey gra i ns dur i ng s torage , t h e  topograph i c  or i g i n s o f  the  

fung i i n  re l at i on to  grai n deter i orat i on and  a l so the i r poten t i a l  to  

produce  tox i n s .  Part i cu l ar attent i on i s  pa i d t o  Aspergi l l u s f l avus , 
as t h i s  spec i es i s  con s i dered to b e  of cons i derab l e  i mportance i n  

caus i ng gross  spo i l age and many i so l a tes are i mportant mycotox i n  

producer s .  Af l atox i ns ,  the formi dab l e mycotox i ns  prod uced by many 

i so l ates of � f l av u s , are potent c arc i nogen s ,  mutagens and hepatox i n s 

( Go l db l a t t , 1 96 9 ;  Heathcote & H i bber t ,  1 978 ) . A .  f l avus  i s o l ates h ave  

been screened for  af l atoxi n product i on and se l ected bar l ey samp l es 

ana l ysed for the  presence of af l atox i ns and other mycotox i ns .  
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1 . 1 .  BARLEY  PRODUCTION  AND USAGE 

Archaeo l o g i ca l  f i nd i ngs  h ave  shown that bar l ey was c u l t i v ated by 

men s i nc e  neol i th i c  t i mes ( Nash , 1 978 ) . I t  was the f i r s t  c u l t i vated 
cereal  t o  be u sed for bread-mak i ng and as a feed for l i v e stoc k .  I n  

the  d ays of the  anc i ent  Hebrews , Greek s and Romans , b ar l ey was t h e  
c h i ef bread gra i n .  Bread made from ground bar l ey was a l so  the stap l e  

d i et o f  t h e  1 5t h  C entury E ng l i s h country peasants unt i l t h e  i nc reas i ng 

ava i l ab i l i ty of other cereal gr a i n s  d i s p l aced bar l ey ' s popu l ar i ty as a 

food gr a i n ,  at l east  i n  European soc i et i es ( Kent , 1 983 ) . 

Today ,  bar l ey i s  grown i n  many parts of the wor l d ,  b ut  i t  i s  more 
popu l ar i n  temperate countr i es where the cereal  i s  grown mai n l y  as a 

spr i ng crop .  There are two types of bar l ey cu l t i vated - the  h u l l ed 
and t he  h u l l - l e s s  var i et i es ,  w i t h  the cu l t i v at i on of h u l l ed var i et i es 

far exceed i ng t h at of the hu l l - l es s  var i et i es .  The wor l d  area devoted 

to  b ar l ey cu l t i v a t i o n  i nc reased two-fo l d from 40 mi l l i on hectares i n  

1 93 7 - 1 940 to  80 mi l l i on hect ares i n  1 98 1 , wi th wor l d  produc t i on  

reac h i ng 1 58 mi l l i on tonnes i n  1 981  ( Kent , 1 983 ) .  

C ompared w i th other cereal s ,  b ar l ey now forms a re l at i ve l y  smal l 

part of  the  d i et of European and North Amer i can  commu n i t i e s ,  but  i t  
st i l l  r anks  amongst  the  major cerea l s  cons umed by peop l e i n  many parts 

of As i a ,  Afr i c a ,  the M i dd l e  E a s t  and L at i n  Amer i ca .  B ar l ey i s  a l s o  

used on  a r e l at i ve l y  smal l sc a l e i n  var i ous  i ndustr i al  processes , and 

as seed . 

One  of the  ma i n  uses of bar l ey i s  i n  the product i on of a l cohol i c  

beverag e s  such as  wh i sky and beer , but  there i s  no doubt  th at the  

pr i nc i p l e  use  of bar l ey, espec i a l l y  i n  Eu ropean soc i et i es ,  i s  as a 

feed gr a i n for l i vestoc k .  H u l l - l ess  bar l ey r i va l s wheat  as a feed 

grai n as  i t  resemb l e s wheat i n  compos i t i on ( Drew � �. , 1 980 ) . 

A l t hough  t he  presence of h u l l s  renders bar l ey gra i ns  rather  i nd i ge s ­

t i b l e  except  when  f i ne l y  crushed ( Kent , 1 983 ) , t h e  gra i n ,  be i ng  essen­

t i a l l y  an  energy-prov i d i ng carbohydrate ( but a l so  wi t h  other  

nutr i t i o n a l  q ua l i t i es )  i s  a v a l u ab l e  feed gra i n e i ther a l one  or when 

used i n  compounded feed s ( F . A . O . , 1 980) . Ground bar l ey i s  used exten ­

s i ve l y  a s  supp l ementary feed for c a l ves , p i g s and pou l try,  and forms 

the ma i n  food for f atten i ng p i g s and pou l try ( McDonal d et �. , 1 97 3 ) . 
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I n  addi t i on ,  brewer 1 s gra i n ,  the l esser- known end product  after 

s prout i ng and mal t i ng of bar l ey gra i n ,  i s  a l so of v a l u e  when  used to 

feed c a tt l e ,  s h eep and horses ( McDon a l d et �. , 1 973 ) . 

The use  of b ar l ey i n  the  manufact ure of an ima l  feed s ,  espec i a l l y  

compounded feed s ,  shou l d i nc rease as the demand for monogastr i c 

a n i ma l s i nc reases i n  We stern count r i e s  ( O . E . C . D . , 1 981 ) .  I ts 

u s efu l ness  as  a n imal  feed wi l l  a l so i nc rease i n  deve l op i ng countr i es 

where i nc reas i ng meat products  are cons umed i n  response  to  i ncreas i ng 
popu l at i on s i ze s  and i ncomes ( Pa l mer-Jones et �. , 1 9 7 1 ) .  

Trends i n  the manufacture and u s e  of stoc kfeed i n  New Zea l and 

a l so  show a cont i nuous i ncrease i n  the  use  of cereal gra i n s  i n  feed i ng 

l i ve stock ' ( H arr i s and Doug l as ,  1 98 1 ) .  Expan s i on i n  the  pou l try and 

p i g  i nd u str i es , a change from rel i ance on mi l k  products  and a decrease 

i n  the  u se of  wheat as a feed gra i n, h ave together contr i bu ted to the 

d ramat i c  i ncrease i n  the use  of bar l ey and corn i n  feed mea l s 

( MacG i l l i vray ,  1 976 ) .  B ar l ey i s  a l s o  the preferred gra i n because i t  

h as 5 t i mes  more n i ac i n  than corn ( Drew et �. , 1 980 ) . 

Of t he  feed bar l ey used i n  N ew Zeal and , approx imate l y  46% i s  u sed 

for pou l t ry, 35% for feed i ng p i g s ,  1 0% for da i ry cows and the rest for 
feed i ng s heep and beef cattl e ( MacG i l l i v ray, 1 976 ) . B ar l ey i s  a l so 

often used for s upp l ementary feed i ng ( Drew � �. ,  1 980 ) and i t  i s  
espec i a l l y  usefu l i n  drought years ( MacGi l l i vray, 1 976 ) .  

There has been an i nc reas i ng demand for mal t i ng bar l ey for export 

as we l l a s  for the domest i c  market . The Canterbury Ma l t i ng Company, 

wh i c h  i s  New Zea l a nd 1 S pri nc i pal user of mal t i ng bar l ey, h a s  stead i l y  

i nc reased i t s i nt ak e .  I n  the Manawatu reg i on a l one , t h e  Company1S 

recent l y- estab l i s hed p l ant i n  Marton was hop i ng to  boost  the  amount 

used by 5000 tonnes  in  1 984 , an i nc rease of 1 7% from 30 , 000 ton nes i n  

the  prev i ou s  year ( Kearney, 1 984 ) . 

New Zea l and has  a th r i v i ng cereal  export i ndustry . The  country1s 

agr i cu l t ura l  sector was est i mat i ng that b ar l ey exports wou l d  reach a 

new h i g h of  NZ$60 mi l l i on worth i n  1 984 and wou l d cont i n ue  to  r i se 

( Pa i n e , 1 984 ) .  Thus  barl ey i s  rap i d ly becom i ng one of the  mos t  i mpor-

t ant c a s h  crops i n  the country . The common bar l ey c u l t i vars  grown i n  
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the country i nc l ude Zephyr , H as s an ,  Mat a ,  Mag num,  Manapou , Tri umph , 
K an i ere , Kor u ,  Kym and Go l dm�ker  ( Sheri dan , persona l  commun i c at i on ;  

1 98 4  Stat i st i cs of the N ew Zeal and M i n i stry of Agr i cu l ture and 

F i sher i es ) . F l eet , L i berty , G o l dmarker , Kym ,  Op i k i , Tr i umph and Koru are 
more recent l y  used c u l t i vars . 

1 . 2 .  G RA I N  STORAGE 

1 . 2 . 1 .  Storage Methods 

P reh i stor i c  man real i s ed the neces s i ty to store gra i n for h i s  

future u se  and dev e l oped d i fferent method s of storage ( Just i ce & Bass , 

1 979 ) .  E gypt i an excavat i o n  s i tes have revea l ed  the ex i stence of smal l 

gra i n - s torage p i ts  dat i ng as  far back  as 4500 B . C .  ( Nash ,  1 978 ) . 
Compared to  modern fac i l i t i e s ,  gr a i n  storage i n  h i s tor i ca l  t i me s  

tended to  be  on a re l at i ve l y  sma l l sca l e us i ng var i ou s  underground 

method s .  For examp l e ,  the keep i ng of gra i n s i n  dug p i ts or bur i ed i n  

earthernware ves se l s  was great l y  favoured . Some ear l y  above-ground 
storage methods  i nc l uded stor i ng gra i n s  i n  sma l l enc l os ures , l i t t l e  

huts , i n  open c r i b s  or i n  var i ous  types of conta i ners . 

Except for the  l es s -deve l oped soc i et i es of today, underground 

stor age methods  are not exten s i ve l y  used . 

nat i ve  methods for stor i ng gr a i n s urpl uses . 

There are numerous  a l t er­

Some examp l es i nc l u de 

stor i ng 

( Bai l ey ,  

i n  s a c k s  o r  bag s ,  i n  b i n s ,  s i l o s  a n d  h uge gra i n e l evators 

1 9 7 4 ) . W i th the  ad vent of h i g h  technol ogy, b u i l d i ng very 

soph i st i c ated storage fac i l i t i es ,  often wi th control l ed atmospher i c  

cond i t i on s ,  i s  fast becomi ng the norm i n  deve l oped countr i es ( Shej ba l , 

1 980 ) .  

The  seasona l  and var i ab l e  product i on of gra i n nece s s i t ates i ts 

storage to meet conti nuous demand . A prudent farmer stores surp l u s  

grai n from a h arvest  t o  ga i n f i nanc i a l l y  from expected h i gher  pr i ce s  

for h i s  p roduce i n  between h arve st i ng seasons . I n  add i t i on ,  gra i n  

storage i s  essent i a l  as a gu ard aga i nst  a l ater poor h arvest , t o  

c i rcumvent  f l uct u at i ng demand a n d  pr i ces , to carry over s u rp l u ses  i nto  

years o f  n atura l  d i s asters and for t i mes  of  acute g ra i n s hortages 

( Anderson , 1 973 ) . The pr i mary goa l  of any merchant or  farmer when 

stor i ng  gra i ns i s  t o  avo i d  monetary l os s  by prevent i ng g ra i n spo i l age  
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and deter i orat i on ,  and by do i ng so preserv i ng the ori g i na l  good gra i n  

q u a l i ty and quant i ty .  

1 . 2 . 2 .  Storage systems for B ar l ey i n  New Zea l and 

A. On F arm : The major i ty of New Zea l and cerea l  growers store the i r  

gra i n  h arvest on-farm for u p  t o  9 month s average ( Te l ford , 1 978 ) . The 

gra i n s are bagged and stacked or kept i n  erect structures wh i ch range 

from wooden b i n s  to  we l l -constructed s i l o -type b i ns comp l ete  wi t h  
vent i l at i on .  New Zea l and farmers are constant l y  encouraged to prov i de 

more s torage fac i l i t i es on t he i r farms . The Marton-based C anterbury 

Ma l t i ng Company i s  one of t he  recent commerc i a l organ i s at i ons to  

i ntrod uce  an  i ncent i ve scheme for encourag i ng farmers to  b u i l d  more 

s atisfactory s i l o s  ( Kearney, 1 984 ) .  

B .  O n  C ommerc i a l P remi ses : Commerc i a l  grai n prod ucers  and users  

bu i l d  re l at i ve l y l arge granar i es  capab l e  of hol d i ng severa l  h undred s 

of tonnes  of gra i n ( Tayl o r ,  1 980 - persona l  commun i c at i on ) .  These  

s i l o s  and  e l evators are  often equ i pped wi th computer i sed and automated 
contr o l s  to  mon i tor s i l o  atmosphere and cond i t i on s ,  and to as s i st wi th  

l o ad i ng and  u n l o ad i ng of  gra i n .  The l arger organ i s at i on s  a l so  h ave 

gra i n d r i ers . On-farm dr i ers  are not at a l l common ( Te l ford , 1 978 ) . 

1 . 2 . 3 .  Storage F a i l u res and R es u l t i ng Spo i l age Prob l ems 

I t  i s  the  bel i ef of many gr ai n experts that gra i n deter i orat i on 

beg i n s as  soon as i t  i s  put i nto storage ( B a i l ey ,  1 9 74 ) . The F . A . O .  

reported t hat the l oss  o f  food grai n s  attr i butab l e  to post- harvest 

s torage a l one  amounted to b i l l i ons  of do l l ars • worth ann u a l l y  ( F . A . O . , 

1 980 ) .  The actua l  mag n i tude of l os ses  var i es from year to year and 

from country to country,  but the l os ses  are more severe i n  dev e l op i ng 

countr i es .  

G i ven  c l ean , adequate l y-constructed storage fac i l i t i es ,  factors 

s uc h  a s  t he  nature of the gra i n ,  i ts matur i ty ,  the  amount  of mechan i ­
c a l  d amage from harvest i ng ,  thresh i ng  and dryi ng proces ses , together  

w i th t h e  amount  of extraneous mater i a l present can  adver s e l y  affect 

t he  s t or ab i l i ty of a g i ven b atc h of gra i n .  Furthermore , t he  phys i co -
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c hemi c a l  var i ab l es s uc h  as temperature , mo i sture , oxygen and t he  
b i o l og i ca l  agents i nc l ud i ng mi croorgan i sms , i nsects , m i tes , rodents  

and even b i rd s  are often i nv o l ved at  some stage i n  the  deter i orat i on 

proc es s .  Once deter i orat i on i s  i n i t i ated , these factors act i ng e i ther 

i nd i v i du a l l y  or  s i mu l t aneou s l y  c an br i ng about severe gra i n l o s ses  i n  

a remark a b l y  short  t i me ( W a l l ac e ,  1 97 3 ) . 

Some of t he  d i st i nct i ve features of bar l ey gra i n  deter i orat i on 

and s po i l age are : the prod uct i on of u n p l easant odour , mus t i ness , 
c ak i ng ,  the appearance of d i sco l oured and somet imes obv i ousl y mou l dy 
kerne l s .  There are other l o s ses  i n  gra i n q ua l i ty wh i ch m i g ht not be 

detected unt i l the gra i n  i s  u sed as seed or i s  further processed . One 
examp l e  i s  the decrease i n  gra i n germi nab i l i ty when i t  i s  u s ed i n  

mal t i ng .  Unde s i r ab l e b i oc hemi c a l  and nutr i t i ve c hanges  i n  stored 

gra i n s  w i l l  on l y  be revea l ed by conduct i ng l aboratory tests  on gra i n 

s amp l e s ( Pomeranz et �. , 1 9 78 ) . I f  i nc i p i ent deter i orat i on wh i ch 

often res u l ts  i n  heat i ng and wetness i s  l eft unchecked and pro p i t i ous  

cond i t i on s  are  ma i nt a i ned for prol i ferat i on of  the  11 age nts  of deter i o­

r at i on .. , a d r amat i c  decrease i n  both gra i n qua l i ty and q u ant i ty 
q u i ck l y  becomes not i ceab l e  and very soon comp l ete gra i n l o s s  wi l l  

eve ntuate . Of i ncreas i ng i mportance i s  the format i on of de l eter i ous  

substances , the most we l l - k nown be i ng the mycotox i n s ,  d u r i ng gr a i n 
storag e .  The effect s of such  substances on man and an i ma l s i s  aro u ­

s i ng concern throughout t he  wor l d today a s  peop l e become more aware of 

the need for nutr i t i ous  as we l l as who l esome food . 

1 . 3 .  THE MYCOFLORA OF STORED  BARLEY  GRA I N  

Reports p ub l i shed by Duv e l  ( 1 909 ) and Sh anahan ( 1 91 0 ) e ar l y  th i s  
century revea l ed the  presence of fung i i n  stored gra i n s .  At the  s ame 

t i me ,  B l ack and A l s berg ( 1 91 0 ) s uggested fungi  as the major  c ause  of 

gr a i n  s po i l age . S i nce then met i cu l ous  and extens i ve research h a s  

confi rmed t he  i mportant ro l e  fung i p l ay i n  spo i l age and deter i orat i on 

of stored gra i n s . 

Other ear l y  stud i es concentrated on the funga l  f l ora  of 's�e� 
bar l ey ( Ch r i stensen and Stakman , 1 93 5 ;  Mead , 1 94 2 ;  Gordon ,  1 944 ; 

Mac h ac ek et �. , 1 95 1 ) .  I n  these  stud i es ,  a wi de  var i ety of fung i  was 

i so l ated and some s pec i es of A l ternari a ,  F u s ar i um and H e l mi nthospor i um 
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were found to c au se  d i seases wh i ch p l ague  bar l ey seed l i ng s  .and p l ants . 

The study of p athogen i c  fung i i n  seed bar l ey cont i nues to  be  an i mpor­

t ant area of p l ant  path o l ogy, but  the present  d i scuss i on w i l l  d ea l  

p r i nc i pal l y  wi t h  t he  general mycof l or a .  

1 . 3 . 1 .  The F u n g a l  F l or a  of Stored B ar l ey 

The f i r s t  detai l ed study i nto  the  funga l  f l ora of s tored bar l ey 

gra i ns was conducted by Tu i te and C h r i s tensen ( 1 952 ) . They found 

A l tern ar i a ,  C l adospor i um ,  Fusar i um and Geotr i c hum spec i es common and 

frequent i n  b ar l ey seed s .  When gra i n s  were stored aerated and a t  

mo i sture content of  1 2 . 5  - 1 7 . 0% ,  the i r  numbers decreased or remai ned 

constant .  On t he  oth er h and , Aspergi l l u s gl aucus , � ves i co l or and 

Pen i c i l l i um s p ec i es were i so l ated wi t h  i ncreased frequency i n  g r a i n 
s tored at mo i s t ure contents of more th an 1 4% .  

Cont i n u i ng  wi th the i r  stud i es ,  Tu i te and C h r i stensen ( 1 955 ) noted 

t h e  presence of fung i s uc h  as A l ternar i a  and C l adospor i um i n  t he  

gra i ns  pri or t o  h arvest , b ut  they cou l d not f i nd any Pen i c i l l i um or  

A spergi l l u s s pec i es i n  s i gn i f i cant numbers  at th i s  t ime . When  gra i n s 

were stored at  mo i sture contents of 1 0  - 1 3% ,  there wa s  no  c h ange i n  

the  l eve l s  of Aspergi l l u s  and Pen i c i l l i um spec i es .  On i ncreas i ng the  
mo i s ture content to  1 3 . 8  - 1 4 . 2% a s l ow and  grad ua l  i nvas i on of seed s 

by Aspergi l l u s  restri ctus  became not i ceab l e . At mo i sture contents of 

1 5  - 1 6% stored gr a i n s  were rap i d l y  i nv aded by other Aspergi l l u s 

s pec i es suc h as  � repen s ,  A .  amste l odami and A .  ruber . However , 

f ung i suc h  as  A l ternar i a ,  C l adospor i um and F u sar i um wh i ch were 

or i g i na l l y  present  i n  the seed s at h arvest  d i s appeared on storage at 

mo i sture contents of 1 5  - 1 6% .  

S i m i l ar s t ud i es o n  other major cerea l  gra i n s  have l ed C h r i sten sen  

and  K aufmann  ( 1 96 5 ) to  arb i trar i l y  d i v i de fung i assoc i ated w i th  cerea l  

g r a i n s  i nto 3 m ajor  c ategor i es .  T he  f i r st  group  compr i ses  t he  ' f i e l d  

f ung i • and i nc l udes  a mu l t i tude of fung a l  spec i es ,  the mos t  we l l - kn own 

b e i ng A l ternar i a ,  C l adospor i um ,  F u s ar i um and He l mi nthospor i um .  The se  

fung i i nvade g r a i ns on  stand i ng crops  p r i or to  harvest . T he  n ext  

g roup  i nv ade s  ma i n l y  stored gra i n s  a n d  i s  apt l y  k nown as  ' storage  

fung i ' .  Stor age fung i i nc l ude about 1 5  groups of  Aspergi l l u s  and 
severa l  spec i es of Pen i c i l l i um ( R aper and Fenne l l ,  1 965 ) . A th i rd 
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group i s  t he  ad vanced decay fung i  of wh i ch spec i es . of Muco r ,  

P ap u l ospora ,  C h aetomi um and Sordar i a  are examp l es .  

1 . 3 . 2 .  The F u nga l  F l ora  of Fresh l y- harvested B ar l ey 

Fresh l y- h arve sted bar l ey samp l es stud i ed by C l arke et a l . ( 1 966 ) 

y i e l ded a range of fi e l d  fungi . Spec i es of C l adospor i um , A l ternar i a  

a l ternata ,  E p i coccum n igrum , Fusar i um avenaceum and Aureobas i d i um 

pu l l u l ans were the most  frequent fung i  i s o l ated , g1 v 1 ng total d i l u t i on 

p l at i ng co unts  of between 1 . 5 x 1 04 - 3 . 4  x 1 04 col o n i es per gram of 

gra i n .  S i mi l ar ly Lacey ( 1 97 1 ) a l so  obt a i ned an average d i l ut i on 

p l at i ng count of  0 . 64 x 1 06 co l on i es per gram from fres h l y- h arvested 

b ar l ey grai n s .  

I n  the i r exami nat i on of fresh l y- h arvested b ar l ey, C l arke  et �· 

( 1 966 ) a l so  noted the absence of storage fungi . It was con s i dered 
t h at s pec i es of Pen i c i l l i um and Aspergi l l us d i d not i nvade  bar l ey 

c rops i n  the f i e l d  ( Tu i te and Chr i stensen , 1 955 ; F l ann i ga n ,  1 969 ) . 

The  extens i ve stud i es of cereal gra i ns by C hr i stensen and K aufmann 

( 1 969 ) confi rmed the absence of s i gn i f i cant  numbers of storage fung i  

i n  fresh gra i n s .  However there are occas i ons  when h i gh mo i st ure , warm 
temperatures and i nsect i nfestat i ons  make cond i t i ons  cond uc i ve to t he 

i nvas i on of st and i ng crops i n  the f i e l d by storage fungi ( Mart i n  and 
G i l man , 1 976 ; C l arke and H i l l ,  1 98 1 ) .  F u rther , evi d ence p u b l i s hed by 

F l an n i gan ( 1 978 ) s howed the presence of l ow numbers of typ i ca l  storage 

fungi i n  gra i n s  at harvest . 

1 . 3 . 3 . The C h angi ng F u nga l F l ora Dur i ng Storage 

1 . 3 . 3 . 1 .  Moi s t  B ar l ey Gra i ns 

After 4 s uc ce s s i ve  years of i nvest i gat i ons , C l arke and h i s  co l ­

l eagues ( 1 966 ; 1 96 9 )  recogn i sed 5 phases  i n  the s ucces s i on of fungi of 

mo i st b ar l ey hermet i c a l l y  stored i n  farm s i l o s .  F u ng i  present at 

h arvest suc h  as C l adospor i um ,  A l ternar i a and F u s ar i um domi nate  P h ase  I 

( C l arke et �. , 1 966 ) . A short  t i me from the start of storage at h i gh 

mo i sture content ( 1 8 . 0 - 25 . 0% ) , these  • f i e l d  fungi • begi n t o  d ec l i ne 

i n  numbers and had v i rtua l l y  d i s appeared after 6 weeks of storage 

( Ph ase I I ) .  I n  P hase I I I ,  yeasts ,  i n  part i c u l ar H ansenu l a  anoma l a ,  

q u i ck l y  rep l aced these f i e l d fung i . The appearance of storage fungi  
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such as Aspergi l l u s  terreus typ i f i ed the  funga l  f l ora  of . P h ase I V .  

Such  storage fung i were qu i ck to deve l op and very soon r a i sed the  

temperature i n  t he  upper p art of the s i l o  to 32°C .  A month  l ater , the  

u pper s i l o temperature h ad ri sen to 5 2°C ,  heral d i ng the appearance of 

thermoph i l i c f u ng i , c h i ef l y  Mucor pus i l l u s ,  Aspergi l l u s  fumigatu s  and 

Hum i co l a l ang i no s a  ( Phase  V ) .  
" 

H i gh mo i sture  l eve l s , s l ow u n l o ad i ng rates 

i n adequate l y  s ea l ed s i l o s  res u l ted i n  the heat i ng and 

stored mo i st b ar l ey i n  s amp l es stud i ed by L acey ( 1 971 ) .  

comb i ned w i th  

mou l d i ng of  

A s ucces s i on 

of fung i i n  t he  stored grai n bu l k c l o se l y  resemb l ed the  5 p h ases of 

funga l  s uc ces s i on suggested by C l arke et �· ( 1 967 ) .  A l though  these 5 

phases  were d i st i nct , they were not mutual l y  exc l u s i ve for i n  the  

gra i n i mmed i ate l y  adj acent to  the  top sea l  of  the  s i l o ,  a mi x t ure of 

fung i such  as  Aspergi l l u s  fumigatus , A .  

Tri c hothec i um ,  P en i c i l l i um spec i e s a nd 

spec i es from t h e  5 phases , was present . 

f l avu s ,  F usar i um spec i e s ,  

Sporotr i c hum,  represent i ng 

D i fferent eco l og i ca l  s uc ces s i on s  of fung i were reported by 

Sp i l l a ne and P e l h ate ( 1 982 ) when mo i st b ar l ey was stored under " s afe 

cond i t i on s " . Aerat i on ear l y  i n  storage gradu al l y  l owered temperature 

and mo i sture c o ntent . P r i or to the s tart of aerat i on ,  there was a 

dramat i c  i nc rease  i n  the  n umbers of yeasts and b acter i a  due  to  a r i se  

i n  the  temperature of the  stored gra i n s .  Myco l o g i ca l  exami n a t i ons  of 

the vent i l ated gra i ns showed the exi stence  of both f i e l d  and storage 

fung i . The f i e l d  fung i were present even at the end of t he  6-months  

storage peri od . The  we l l -control l ed s torage cond i t i on s  preven ted the  

prol i ferat i on of  s torage fung i . 

C l arke and  H i l l  ( 1 98 1 ) found no  funga l  growth i n  mo i st b ar l ey 

stored i n  we l l - s ea l ed l aboratory s i l o s .  I n  contrast , most  f arm s i l os 

are not comp l ete l y  a i rt i ght  and t h i s  often res u l ted i n  the  

d i s appearance of  f i e l d  f u ng i  85  days after storage .  Where mo i st ure 
contents exceeded 1 9 . 0% ,  f i e l d fung i were rep l aced by yeasts  ( Cand i d a  

and H ansenu l a )  a nd Pen i c i l l i um roguefort i .  Heat i ng a l so occurred i n  

some of these s i l o s .  The fung i respon s i b l e  were the  thermoph i l i c 

Abs i d i a  corymb i fer a ,  Aspergi l l u s  terreu s ,  � fumigatus , Mucor pus i l l u s 

and Pen i c i l l i um var i ot i i .  
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After 3 months of storage very s i mi l ar thermoph i l i c . fung i  were 

freq uent l y  i so l ated from hu sked and dehus ked gra i ns  of mo i st stored 

barl ey ( Mu l i nge and Ap i n i s ,  1 96 9 ;  Mu l i nge and Chesters , 1 970a ) . The 

myce l i um of  fung i wh i c h  were confi ned to the h usk  t i s sue at the start 

of the storage peri od prol i ferated and i nvaded the i nner gra i n t i s­

s ues . When mo i st grai n was stored under i ncomp l ete l y- sea l ed cond i ­

t i ons  rap i d  heat i ng of the stored grai n occurred . 

1 . 3 . 3 . 2 .  Dri ed b ar l ey gra i n 

When fres h l y- h arvested barl ey was dr i ed and stored at a mo i sture 

content of 1 2% (wet we i g ht b as i s ) and between 20-30°C ,  common f i e l d 

fung i s uc h  as H e lm i nthospor i um and F u s ar i um d i sappeared after 53 

week s ,  wh i l st A l tern ar i a cou l d st i l l  be recovered , but i n  muc h red uced 

n umbers ( L utey and Chri stensen , 1 96 3 ) . I ncreas i ng the mo i st ure con­

tent by 2% res u l ted i n  the death of al l 3 genera after o n l y 1 6  week s 

at 30°C ,  b ut A l ternar i a was ab l e  to reta i n i t s  vi abi l i ty for  24 week s 

at 20°C .  On  the other hand , i f  the gra i ns were kept i n  the co l d ,  the 

mycof l ora  rema i ned at i ts or i g i na l  l eve l . Thu s  i n  storage , common 

f i e l d fung i l ose  v i ab i l i ty at d i fferent rates , t h i s effect be i ng most 

rap i d  wi th F usar i um ,  and s l ower w ith  A l ternar i a and He l m i nthospor i um 

(Chr i stensen , 1 963 ) . However ,  these fung i are known to rema i n  v i ab l e 

i n  stored bar l ey for up to 1 0  years prov i ded storage cond i t i on s  do not 

become favo urab l e  for the prol i ferat i on of storage mou l d s (Mach acek 

and Wa l l ac e ,  1 952 ) . 

A l arge var i ety of f i e l d fung i was i so l ated from dr i ed bar l ey 

grai n s  stored at 1 2  - 1 5% mo i sture content wi th i n  6 week s of  storage 

by F l a n n i gan  ( 1 96 9 ,  1 970 ) . The bar l ey kerne l s  a l so  s howed s i gn i f i c ant 

contam i n a t i on  l eve l s  by storage fu ng i , i mp l yi ng that post-harvest 

contami n at i on by storage fung i  had been rap i d  as such  fung i do not 

norma l l y  i nvade new l y- h arvested gra i n s .  

Most o f  the  fung i i sol ated by F l a n n i gan ( 1 969 ) o n  3 d i fferent 

agar med i a  ( Potato Dextrose Agar , Ma lt  S a l t  Agar and Tryptone Soya 

Agar ) at d i fferent i nc u bat i on temperatures ( 25°C ,  37°C and 50°C ) were 

present as  

penetrat i ng 

found th at 

surface contami n ants , co l o n i s i ng 

the peri carp l ayer of b ar l ey kerne l s .  

the b ar l ey kerne l s h e  exami ned 

the h u s k s  but  not 

Th i s  author a l so 

h arboured severa l  
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thermoph i l i c fung i ( Abs i d i a corymb i fera , Aspergi l l us fumigat u s , M ucor 

p u s i l l u s ) .  B e s i des the i r ab il i ty to cause  heati ng i n  stored gra i n s , 

these fung i are a l so  of veter i nary and med i ca l  i mportance as potent i a l 

p athogen s .  

H i l l  and L acey ( 1 983 )  presented a l i st of over 80  f u nga l  spec i es 

i so l ated from stud i es of more than  500 s amp l es of stored bar l ey. Of 

the  fungal  spec i es i dent i f i ed ,  more than  1 5% were Aspergi l l u s  spec i es 

and 40% Pen i c i l l i um spec i es .  The authors s uggested th at  occurrence 

and abundance  of funga l  s pec i es are d i rect l y  re l ated to  the  storage 

cond i t i ons  p art i cu l ar l y  water act i v i ty ,  temperature , 

act i vi ty , rate of aerat i on and spont aneous heat i ng .  

t o  i nvest i gate the effect of these var i ous  factors . 

i nt ergran u l ar gas  

They then  went  on  

The mo i s t ure l eve l surround i ng stored gra i ns  was recog n i sed as  

be i ng the  s i ng l e  most  i mportant factor i n  detect i ng t he  degree of  

i nvas i on and  hence  deter i orat i on i n  stored b ar l ey by  storage fung i , 

even i f  the g r a i n s  were dr i ed pr i or to storage . 

As ear l y  as  the  1 900 ' s ,  many researchers  h ave s uggested cr i t i c al 

mo i sture l eve l s for the s afe storage of bar l ey ( Tab l e  1 - 1 ) .  

Tab l e  1 - 1 :  S uggested Safe Moi sture Contents for Storage of B ar l ey 

G ra i ns  

Mo i sture Content % 

1 3 . 6  ( l ong- term storage ) 

1 4 . 8  ( s hort-term storage ) 

1 4 . 0 - 1 4 . 5 

1 3 . 0  ( 1  year ) 1 1 . 0 ( 5  year s )  

1 4 . 5  

1 3 . 5  

1 3 . 5  

References  
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Snow et a 1 . ( 1 944 ) 

Col eman and F e l l ows ( 1 92 5 )  
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H a  11 ( 1 963 ) 

H i l l  and Lacey ( 1 983 ) 
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Storage above these  c r i t i c a l  l eve l s h as been found to tr i gger t he  

prol i ferat i on of  storage fung i i n  stored grai n s  ( Armol i k  et �. , 1 956 ; 

Watson and Cameron , 1 976 ) .  

Th i s  i s  not unexpected for typ i c a l  storage fungi such  as members  

of the Aspergi l l u s  gl aucus  grou p ,  � amste l odami , � c heva l i er i , � 

repens e spec i a l l y � restr i ct u s  and A.  ruber are xeroph i l i c and can  

i nvade gra i n s  at mo i st ure contents as  l ow as 1 3- 1 3 . 5% (Ch r i sten sen a nd  
Kaufmann ,  1 965 ; J u s t i ce and Bas s ,  1 979 ) . F or  th i s  reason , H i l l  and 

Lacey ( 1 98 3 )  advoc ated a water content of 1 3 . 5% or preferab l y  l es s  for 

the safe storage of b ar l ey .  

1 . 4 .  OCCURRENCE AND LOCATION  OF FUNG I IN  STORED BARLEY 

Barl ey 

of spores , 

enco untered 

gra i n s c arry a var i ety of fung i , 

yeast  c e l l s  and myce l i um a l though  

( Tu i te and Chri stensen , 1 952 ) . 

1 . 4 . 1 .  The Structure of  B ar l ey Gra i n s  

t h e  maj or i ty i n  t h e  form 

sc l erot i a are somet i mes 

Before d i scu s s i ng the l oc a t i on  of fun g i  on and in  b ar l ey grai n s , 

i t  wou l d be  a ppropr i ate to exami ne  the structure of a bar l ey gra i n 

( F i gure 1 - 1 ) .  Pomeranz ( 1 972 ) , who made detai l ed structura l  deter­
m i n at i ons  of b ar l ey gra i ns  us i ng scan n i ng e l ectron mi croscopy,  con­

c l uded that  a normal bar l ey kerne l con s i sted of  the h u s k s  ( wh i ch 

i nc l uded the  l emma and pa l e a ) , the  caryops i s  and the rach i l l a .  

The l argest p art  of the bar l ey kerne l  i s  the c aryop s i s ,  wh i ch 

be i ng t he  nutr i t i o n a l  11 Store- house" of the  gra i n ,  i s  composed of the  

endosperm ,  scute l l um and  a l eurone l ayers , f i l l ed wi th s t arc h ,  fats  and 

prote i n  mater i a l s . Another i mportant component of the c aryops i s  i s  

the germ o r  embryo ( Br i ggs  et �. , 1 98 1 ) .  

I n  h u l l ed bar l ey , the mature caryop s i s  i s  enve l o ped by the  h u s k s  

( Pomeranz , 1 972 ) , w i th t h e  l emma stretc h i ng two-th i rd s  of t h e  way 

round t he  c a ryops i s  t o  ove r l ap  w i th  the  p a l ea  ( H arper and Lync h ,  

1 98 1 ) .  The h u s k  i s  i mportant i n  protect i ng the c aryops i s  dur i ng 

h arvest ,  dry i n g ,  s torage and hand l i ng i n  market i ng as wel l as i n  
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mi n i m i s i ng damage to the germ i n at i ng gr a i n i n  the fi e l d  and i n  ma l t i ng 
proces ses ( Hu l t i n and M i l ner ,  1 978 ) . 

Scann i ng e l ectron mi croscopy has  s hown that  the b ar l ey husk  i s  

roug h ,  bei ng p i tted wi th  stomata ce l l s  on  the outer s u rface and 

covered wi th  r i d ges  on  both the i nner and outer s urfaces ( Pomeranz , 
1 972 ) .  The l emma surfaces are covered wi th  f i n e  ha i rs and c l o se  to  
the  po i nt where the  l emma is  drawn out  i nto  the  awn are found  

amorphous , s i l i ca- l i ke sca l e s and stomata- l i ke ce l l s .  The awn i tse l f  

s hows several b arbs  about 30 �m i n  d i ameter and 1 50 �m i n  l engt h , 

n umerous r i dges and smal l ,  b l u nt  protru s i on s . The pal ea  fol d s  i nt o  a 

v-s h aped creas e ,  and on  t h e  ventral  s i de of  t h e  grai n adj acent  t o  i t  

i s  often found the  extreme l y  h a i ry rac h i l l a .  



F i gure 1 - 1 :  Structure of b ar l ey gra i n  

( based o n  B r iggs et �. , 1 98 1 ) .  

a ) 

H usk 

l emma 

pa l  ea  

Ventral  Surface V i ew 

1 6  

R ach i l l a  

Po i nt of att ac hment 

b ) Med i an Tr ansverse Sect i on 

O i sta l  end  

Caryops i s  
� 

E ndosperm Embryo 

Prox i ma l  end  
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1 . 4 . 2 .  D i str i but i on of Var i ous  Funga l  Propag u l e s 

Many researchers h ave adopted tec h n i ques  i n  the i r  stud i es of the  

barl ey mycof l ora wh i ch a l l owed them to i so l ate , i dent i fy and  ascert a i n 

the l ocat i ons of the  fung i present . For examp l e ,  F l an n i gan  ( 1 969 ) . 

p l ated who l e bar l ey grai ns before and after surface d i s i nfect i on o n  
* 

d i fferent agar med i a  ( P . D . A . , M . S . A .  and T . S . A . ) and i nc u bated them at 

25°C ,  37°C and 50°C .  A dramat i c  decrease i n  the spec i es and n umbers 

of fung i after surf ace  d i s i nfect i on as compared to non-s urface d i s i n ­

fected gra i n s ,  i nd i c ated that most o f  t h e  funga l  f l ora was present as 

superfi c i a l contami n an t s .  However ,  the pers i stent presence of some 

fung i , i n  part i cu l ar  spec i es of storage fung i , after s urface d i s i nfec­

t i on s howed the ex i s tence of more deep l y- l odged fung i wh i ch h ad prob­

a b ly  co l o n i sed the h u s k  and caryops i s  t i s s ue s .  

By subj ect i ng t h e  b ar l ey s amp l es t o  a number o f  d i fferent treat­

ments , Mu l i nge and Chesters ( 1 970b ) managed to  d i fferent i ate fung i 

wh i ch are surface contami n ants , those wh i ch i nvade husk  t i s s ues  and 

those wh i ch penetrate i n to the gra i n  c aryop s i s .  P l at i ng who l e gra i ns 

o n  M . S . A .  s upp l emented wi th  Aureomyc i n  a l l owed the i so l at i on of a l l 

s pores , myce l i um and other funga l  bod i es on  the  gra i n surface .  

T he  second treatment i nv o l ved wash i ng who l e  gra i ns  under t ap  

water for  1 5  mi nutes  p r i or to p l at i ng on  M . S . A . , res u l t i ng i n  the 

remova l  of  l oose l y- attached s pores , thereby reveal i ng the  deeper­

s eated fung i . S ub sequent surface steri l i s at i on of prewashed gra i n s 

w i th fu l l - strength s od i um hypoc h l or i te enab l ed the i so l at i o n  of a 

re l at i v e l y  l ow n umber of fu ng i  wh i ch h ad pos s i b l y  co l o n i sed the  gra i n 

t i ssues . 

V i ab l e  funga l  spores or mycel i um presen t w i th i n  the  h usk  t i s s ue  

appeared when h u s k s  detac hed from s amp l ed gra i ns were washed and 

p l ated o n  MSA . The f i n a l treatment cons i s ted of was h i ng and s urface 

s t er i l i s i ng  dehu sked gra i ns , asept i c a l l y  cutt i ng them l ong i t ud i n a l l y  

t hen p l at i ng the c u t  p i eces w i th  the  cut  face down o n  MSA .  Th i s  

t reatment was s a i d  t o  a l l ow the  growth of i nterna l  fung i w i thout  undue  

c ompet i t i on .  

* Refer to  p .  1 2 ,  l ast paragrap h .  
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U s i ng the procedures out l i ned above , Mu l i nge and Chesters l oc ated 

fung i i n  d i fferent p arts of  the  grai n and conc l uded that the  h usk  i s  

the f avourab l e  ' abode ' of most of the  Pen i c i l l i um ,  As pergi l l u s and 

Abs i d i a spec i es i so l ated . 

The majori ty of  the  thermoph i l i c and mesoph i l i c fu n g i  i so l ated by 

Mul i nge  and Ap i n i s  ( 1 969 ) were a l so found to  be l arge l y  as soc i ated 

wi th  h u s k  t i ssue , a l though  some thermoph i l i c fung i were a l so  recorded 

from dehu s ked gra i n s .  S i mi l ar l y  i n  the i r  exam i nat i on of var i o u s  

fr act i on s  of  mec h an i c a l l y- pear l ed bar l ey ,  F l ann i g an  and D i ck i e  ( 1 97 2 )  
i s ol ated most o f  t h e  v i ab l e  fung i from husk  fragments . F u nga l  myce l i a  

i n  part i cu l ar are ma i n l y  l oc a ted i n  the  l emma ,  p a l e a  and per i carp  

l ayers  of not-obv i o u s l y  mou l dy bar l ey kernel s ( W arnock and Preec e ,  

1 97 1 ) .  

The above f i nd i ngs  l ed to the conc l u s i on that  the gra i n h u s k  
serves as the pr i n c i pal  s i te o f  funga l  i nocu l um awa i t i ng  favourab l e  

env i ro nmental  cond i t i ons  t o  prol i ferate and col o n i se the rest of the  

grai n .  

1 . 4 . 3 .  F u nga l  Myce l i um i n  H u s k  Ti ssue 

The ear ly  recogn i t i on of the exi stence of fungal  hyphae i n  the  

gra i n  husks  of  var i ous  gra i n s ,  part i cu l ar l y  wheat , has  l ed to many 

stud i es i n  th i s area .  These s tud i es are i mportant as such myce l i um i s  

assoc i ated wi th d i seased seed s  ( Mead , 1 942 ) , gra i n resp i rat i on ( Ox l ey 

and Jones , 1 944 ) , gr a i n deter i orat i on and spo i l age (Chr i s tensen , 1 95 1 ) 

and f i n a l l y  there i s  the  l i ke l i hood of the i nvol vement - 6f th i s  funga l  

myce l i um i n  tox i n p roduct i on ( Warnoc k a nd  Preece ,  1 97 1 ) .  

1 . 4 . 3 . 1 .  E ar ly  stud i es 

I n  l ook i ng for the mycel i um of  the  barl ey seed p athoge n , 

He lm i n thospor i um s at i vum , Mead ( 1 942 ) removed the  l emma , p a l ea and 

per i carp  l ayers after overn i g ht soak i ng of b ar l ey gra i ns i n  a so l u t i on 

of formal i n-acet i c  ac i d-a l coho l . Mead a l so  prepared sta i ned mi crotome 

sect i on s  of who l e gra i ns . M i croscop i c  exami n at i o n  of these t i s s ue s  

revea l ed  t he  presence of  myce l i um i n  a l l h u s k  t i s s ues . Th i s  myce l i um 

was often concentrated i n  t he  prox i mal end of the  gra i n .  
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Ox l ey and Jones ( 1 944 ) removed peri carps from wheat s eeds by 

mak i ng u se  of the  abras ive act i on of carborundum powder . Gra i n  

resp i rat i o n  decreased sharp l y  wi th the  removal of the wheat per i carps . 

When the  peri carps were sta i ned wi th  an i l i ne b l ue ,  exten s i ve myce l i um 

was found , espec i a l l y  on  the  i nner ep i dermi s .  U n l ess  gra i ns h ad 

become obv i ous l y  mou l dy, no  hyph ae cou l d be found i n  the outer s urface 

of the ep i dermi s .  

The f i rst attempt t o  qu ant i fy myce l i um t i s s ue i n  h u s k s was made 

by Hyde ( 1 950 ) .  Areas of husk t i s sue  showi ng subep i derma l hyphae were 

a l l ocated ' d i str i bu t i on n umbers ' wh i c h represented the proport i on i n  
tenth s of  the total  area covered wi th myce l i um .  At the s ame t ime,  the 

dens i ty of fungal  growth was est i mated and as s i gned arb i trary n umbers 

( 1 -5 ) .  The mu l t i p l i cat i on of the ' d i str i bu t i on  numbers ' by the  

appropr i ate ' dens i ty n umbers ' of a part i cu l ar s amp l e  g ave a ' funga l  

score ' wh i ch quant i f i ed the amount  of fung i present . Hyde recorded 

the u n i versa l  presence of mycel i um i n  wheat s amp l es from a l l over the 
wor l d .  The amount  of mycel i um present vari ed wi de l y  i n  these  s amp l es 

and he s uggested t h at the atmospher i c  humi d i ty l eve l present  dur i ng 

gra i n  r i pen i ng was i mportant i n  determ i n i ng the degree of i nfect i on .  

A year l ater , Hyde work i ng wi th Ga l l eymore ( 1 951 ) made re l at i ve l y  

deta i l ed stud i es o f  the myce l i a l pos i t i on ,  nature and mode o f  en try 

i nto wheat kerne l s .  Septate hyphae were observed to  deve l op 

extrace l l u l ar l y  i n  the space between the  ep i dermi s ( the outermost 

l ayer of the  wheat husk ) and the mesocarp l ayer of crus hed ce l l s  

(m i dd l e  l ayer of h u s k ) . 

The  network of mycel i um i s  bel i eved to be estab l i shed l ate i n  the 

deve l opment of wheat gra i n s  but  researchers h ave not been ab l e  to 

obt a i n c oncrete ev i dence on  the i r  mode of entry i nto gra i n t i s s ue .  

Furthermore , no attempt was made by any of the  workers who s e  i nves­

t i gat i ons  were out l i ned above , to  c heck the v i ab i l i ty and i de nt i ty of 

the myce l i um they observed . 

However i n  1 95 1 , Chr i stensen s uccessfu l l y i nduced the  growth of 
v i ab l e  hyphae i n  wheat s eed h u s k s  by c u l t ur i ng  p i eces of h u s k  i n  Van  

Ti egh am ce l l s  enc l osed i n  pet r i  d i shes . He noted that a l t hough  funga l  

myce l i um was p resent i n  both h i gh and l ow grade l ots of whea t ,  most  of 
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the fung i were dead . On i dent i fy i ng  the  funga l  co l on i es �r i s i ng from 
the growth of dormant mycel i um ,  Chr i stensen found A l tern ar i a to be the  

most  common fungus  i n  h i g h-grade gra i n s ,  whereas most  of the  v i ab l e  

hyphae of l ow-grade l ots turned out  t o  be those of Pen i c i l l i um and 

vari ous  Aspergi l l u s  spec i es .  S i mi l ar storage fung i were a l s o  present 

i n  h i g h- grade l o ts a l be i t  at l ow l eve l s .  The presence of  dormant  
funga l  myce l i um i n  h u s k  t i ssue may be of  s i gn i f i c ance i n  re l at i on to  

poss i b l e  s po i l age , deteri orat i on and  tox i n product i on i n  stored 

grai ns . 

Bes i de s  the  above i nvest i gators who stud i ed the myce l i um i n  the 

husk of wheat gra i n s ,  Tu i te and Chr i stensen ( 1 955 ) exam i ned the 

mycel i um of fres h l y-h arvested bar l ey gra i n s .  The h usk  t i s s ues were 

found to  abound wi th  funga l myce l i um .  Exam i n at i on of a n i l i n e  b l ue­

sta i ned husk  t i s s ues revea l ed the  abundance of th i s  myce l i um i n  the  

i n ner s urfaces of the  l emma and  pa l e a  t i s s ues and a more moderate 

quant i ty wi th i n  the h u s k . 

1 . 4 . 3 . 2 .  Recent stud i es 

Research work on funga l  myce l i um performed i n  the 1 970 • s concen­

trated o n  the deve l o pment of more accurate as ses sments  of  i ts q ua l i ty 

and i dent i ty .  

Warnoc k and Preece ( 1 971 ) used a grad i ng system t o  determi ne the 

extent and l oc at i on of myce l i um present i n  b ar l ey husk s .  Sect i on s  of 

husk s were obta i ned by cryostat sect i on i ng and sta i ned wi t h  pheno l ­

acet i c  ac i d- an i l i ne b l u e .  A l l f unga l  hyphae or aggregates of  hyphae 

observed were termed • hypha l  u n i ts • .  By exami n i ng up  to  50  sect i ons  

of each  b ar l ey grai n ,  t he  • hyphal  u n i ts • i n  each  l ayer of  i nd i v i d u a l  

gra i ns  co u l d b e  recorded . O n  s u bsequent assessment of t he  total  

1 hypha l  u n i ts • for a l l the l ayers of a s i ng l e  grai n ,  t he  authors 

der i ved a compos i te f i gure represent i ng the overa l l  amount  of  myce l i um 

i n  t h at gra i n .  

Warnoc k ( 1 97 1 ) est imated t he  l engt h s  of myce l i um present i n  

l emmas and p a l eas of b ar l ey gra i n s . He  st arted by detac h i ng the  h usk  

l ayers , s t a i n i ng them i n  a s aturated so l u t i on of  ac i d  f u s c h i n  i n  

l actophenol  before mount i ng i n  l ac tophenol  for mi croscopy. The l ength 
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o f  funga l  myce l i um was est i mated by mak i ng u s e  o f  a n  arb i trary sca l e .  

Thus the  product of mean myce l i a l  l engths  i n  each assessment c l ass  and 

the i r  res pec t i ve s amp l i ng un i ts ( for  e ac h  l emma and p a l e a )  was an  

approx i mate l ength  of myce l i um present .  Lengths  of myc e l i um i n  the  

two s amp l es Warnock  stud i ed ranged from 1 9 . 3  to  1 77 . 0  cm . 

O n  app l yi ng th i s  method to f l uorescent-sta i ned Pen i c i l l i um 

cyc l opi um myce l i um i n  husk  t i s s u e ,  Warnock found t hat � cyc l opi um 

covered a n  area of 22 . 7% and 7 7 . 2% of l emma and p a l ea  respect ive l y . 

Warnock  cons i de red that s u c h  a method coul d be  used to  detect and 

quant i fy the presence of fung a l  spec i es such as Aspergi l l u s gl aucu s , 

A .  fumigatus , F u sar i um, H e l m i n thospori um etc . wh i ch are i mportant  

p l an t  p athogens  and al so  s i gn i f i cant  i n  caus i ng stored gra i n deter­
i orat i on or as t ox i n producers . 

I n  1 973 ( b )  Warnoc k ag a i n  u sed i mmunof l uorescence to  detect 

myce l i um of A l ternar i a ,  Aspergi l l us and Pen i c i l l i um i n  h u s k s  of stored 

b ar l ey gra i n s .  The myce l i um of these  fung i were present i n  a l l gr a i ns  

b ut  i n  r e l a t i ve l y  sma l l amounts . For examp l e ,  Pen i c i l l i um myce l i um 

was found to compr i se 1 0-20% of the tota l  amount  of myc e l i um present  

i n  two  gra i n  s amp l es .  

S i nce  t he  fa i l u re of Hyde and G a l l eymore ( 1 95 1 ) and others to 
estab l i s h the mode of e ntry of  fung a l  myce l i um i nto gra i n ti s s u e ,  

W arnoc k ( 1 97 3 a )  attempted to  c l ose l y fo l l ow the  deve l opment  of fung i 

i n  t h e  l emma and  pa l ea  of  b ar l ey kerne l s on st and i ng crops . From h i s  

observat i on s ,  h e  conc l uded t h at myce l i um present i n  h u s k  t i s s ue  i s  t he  

res u l t  of  t he  growth of  s pores depo s i ted on t he  i ns i de of l emmas and 

p a l eas  a nd on the anthers . 

Very recent l y ,  H u s se i n  ( 1 983 ) i ntrod uced a re l at i ve l y  s i mp l e  

method o f  asses s i ng the re l at i ve abund a nce ,  i de n t i ty a n d  v i ab i l i ty of 

t h e  myc el i um present i n  h u s k  ti s sues  of f arm-stored b ar l ey .  H e  

exam i ned a nd c u l tured str i p s  sta i ned wi th t he  v i ta l  st a i n trypan b l ue 

o n  P . O . A . and M . S . A .  The amount o f  myce l i um was dep i cted i n  numera l  

s cores .  The re l at i ve myce l i a l score  gave the  n umber of  husk  str i ps 

co l o n i s ed by f u nga l  hyp h ae out  of 1 0  s tr i ps for each s amp l e  exam i n ed .  

T he  comparat i ve myce l i a l score was the  tota l  amount  of asses sed 

myc e l i um for 1 0  husk str i ps of i nd i v i du a l  gra i n s .  Th i s  assessment 
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system was b ased o n  an  arb i trary sca l e w i t h  the l owest  dens i ty be i ng  

awarded a number of 1 and the  h i ghest dens i ty of hyphae represented by 

5 .  A l l the s amp l es exam i ned showed the  presence of  abundant  myce l i um 

ma i n l y  i n  the i nner surfaces , espec i a l l y  a l ong the crease and the  two 

end s of the h u s k s .  When gra i ns became mou l dy , t he myce l i a l network 

enve l o ped the ent i re surfac e of the h u s k s .  

The advantage of th i s  method was that  the v i tal s t a i n u sed d i d  
not appear t o  s how any apparent adverse effects  o n  hyph a l  v i ab i l i ty .  

B y  c u l t ur i ng t h e  s ame str i ps o f  h u s k  t hat h e  h ad ear l i er s t a i ned a nd 

exam i ned , H u s se i n  was a b l e  to • meas ure • t he  amount  of v i ab l e  myce l i um 

by co unti ng t he  n umber of husk  str i p s wh i ch gave ri se  t o  c o l o n i es .  

The resu l tant  count  per 1 0  str i ps o f  h usk  exami ned per s amp l e  was then  
c a l l ed the  Re l at i ve V i ab i l i ty Score ( R . V . S . ) .  Bes i des  co nf i rmi ng the  

f i n d i ngs of  ear l i er i nves t i gat i ons  t h at moul dy grai n s  conta i n more 

v i a b l e  hyphae t h an c l ean  gra i n s ,  H u s se i n  i denti f i ed As pergi l l u s  

res tr i ctus , A .  fumigatus , � fl avus co l o n i es emerg i ng from h u s k s  of 

mou l dy samp l es .  F u ng a l  genera i so l ated from c l ean h u s k s  were mai n l y  

those  of Aspergi l l u s , Mon i l i a and Papu l ospora .  

The deve l o pment of  method s to detect the  presence and amount  of  

funga l  hyphae i n  h u s k  t i s sue i n  ad d i t i on t o  test i ng the i r  v i ab i l i ty 

a nd i denti ty i s  of tremendous val ue  i n  assess i ng the s i g n i f i c ance of 

funga l  mycel i um ,  i n  part i cu l ar those o f  tox i gen i c  funga l  spec i es .  
The presence of v i ab l e tox i gen i c  fung a l  hyphae may serve as a rap i d  

s ource of i nocu l um for tox i n  prod uct i on as soon a s  cond i t i on s  become 

favourab l e  for t he i r  further growth . 
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2 . 1  MYCOTOX I NS AND MYCOTOX I COSES  

Mycotox i n s are  secondary metabol i te s  produced by fung i u nder 

favo urab l e  cond i t i on s  of mo i st ure , s ub strate compos i t i on and  t em­

perature ( C i eg l er , 1 978 ) . They vary con s i derab ly  i n  struct ure and 

propert i es and be l on g  to  severa l  d i fferent  c hemi ca l  groups ( W i l son  et . 

� 1 9 73 ) . Most mycotox i ns are re l at ive l y  heat  stab l e ,  non-vo l at i l e ,  

o f  l ow mo l ecu l ar  we i g ht ( average 300-600 ) and  a l l are c apab l e  of 

produ c i ng  tox i c  effect s  i n  man and an ima l s ( Sm i th, 1 981 ) .  Steyn ( 1 980 ) 

i l l u s trated the var i ous  b i osynthet i c  pathways v i a  wh i ch a wi de r ange 
of  mycotox i n s  can be der ived from re l at i ve l y  s i mp l e  compound s such as 

ami n o  ac i d s ,  acetate and mal ate . 

A l t hough  t ox i c effect s can  res u l t  from i nh al at i on  and by com i ng 

i nto contact wi th  mycotox i n s ,  a l most a l l t he  mycotox i coses reported 
are attri buted to  the i nge st i on of contam i n ated food stuffs ( W . H . O ., 

1 979 , B axter , 1 98 1 ; Smi t� 1 98 1 ) .  Every food commod i ty can  s u pport the  

growth of tox i ge n i c fung i and hence is  s u scept i b l e  to  mycotox i n  con­

t ami n at i on .  Humans can  deve l o p mycotox i coses  d i rect l y  by consumi ng 

contami n ated food or  v i a  contami nated an ima l  products ( Smi t� 1 981 ) .  

For many centur i e s ,  man h a s  known the  " p o i son i ng s "  c aused by s ome 

B as i d i omycetes . B ut  there was a fa i l ure to recogn i se the s i gn i f i cance 

of  mi crofung i i n  produc i ng tox i n s des p i te repeated o utbreak s of  

d i sease due  to the  consumpt i on of mou l dy food s and  feeds .  I nterest i n  

toxi c f unga l  metabo l i tes  began  i n  earnest i n  t he  1 960 ' s fol l owi ng the  

p ub l i c a t i ons  on mycotoxi coses and  funga l  tox i n s  by workers  s uc h  as 

Forgacs  and C ar l l ( 1 962 ) , Brook and Wh i te ( 1 966 ) and Wr i g ht  ( 1 968 ) .  

At the s ame t i me ,  p ub l i c i ty generated by the  outbreak s of af l atox i ­

coses fol l owed by the  s ucces sfu l  i so l at i on , i de nt i f i c a t i o n  and ch arac­

ter i sat i on of Aspergi l l u s  f l avus and  i t s t ox i c  and  c arc i noge n i c  

metabo l i tes  i n  co ntami nated mea l s served a s  add i t i on a l  i mpetus for 

exten s i ve research i nto mycotox i ns and mycotox i coses . 

Today ,  c l o se  t o  1 00 s pec i es of fung i are i dent i f i ed as  t ox i n  

prod ucers  ( P i er et . �. 1 980 ) . The maj or i ty are c l as s i f i ed i n  the  

c l asses  Hyphomycetes or  Ascomycetes , espec i a l l y  i n  the  genera 

Aspergi l l u s , Pen i c i l l i um ,  F u sar i um and C l av i ceps ( Scot� 1 973 ) .  
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Toxi ge n i c  fung i are general l y  u b i q u i tous a l though  s ome are more 

w i despread than  others and some are restri cted i n  the i r  d i str i bu t i on  

{ P i er ,  1 981 ) .  I n  present i ng a comprehens i ve l i st of fung i  assoc i ated 

w i th  tox i n prod uct i on ,  Moreau ( 1 97 9 )  po i nted out t hat some fung i 

produce more th an  o ne tox i n wh i l st some tox i n s  are e l aborated by 

d i fferent funga l  spec i es .  I n  add i t i on ,  on l y  some stra i n s  of a p ar­

t i cu l ar spec i es are tox i ge n i c  and these stra i ns  wi l l  o n l y  prod uce 

t ox i n s  u nder  s u i tab l e  cond i t i on s .  

Man and a n i mal s d i ffer great l y  i n  the i r s uscept i b i l i ty to myco­

t ox i n s  i n  re l at i on to s pec i es , age , sex , the tox i n  i nvo l ved etc . ( P i er 

e t .  �. , 1 980 ) .  The i nge s t i on of h i g h l eve l s  of tox i n  often resu l t s 

i n  acute symptoms of tox i coses and depend i ng on  the  tox i n  i nvo l ved , 

s pec i f i c o rgans  or t i s s ues can  be affected . For examp l e  zeara l enone 

c auses oestrogen i c  effect s on the  vu l va and uterus and af l atox i n  

d amages the  l i ver of affected an i ma l s .  

Prol o nged i nges t i on  o f  l ower concentrat i ons of mycotox i n s may 

br i ng about carc i nogen i c ,  teratogen i c ,  tremorgen i c ,  mutagen i c ,  oestro­

gen i c  or i mmunosuppres s i ve effects  ( Smi th , 1 98 1 ) .  F urthermore there 
are var i ou s  other i n s i d i ous  effects wh i ch resu l t  from i ngest i ng l ow 

·doses of mycotox i n s ,  s u c h  as reduct i on i n  the  rate of growth and 

decrease i n  the ab i l i ty to absorb certa i n nutr i ents . Such  effects 

mu st  be of concern espec i a l l y  when the i r  aet i o l ogy i s  often attri buted 

t o  c auses other than  mycotox i ns .  

2 . 1 . 1  Mycotox i ns Contam i n at i ng Cerea l  Gra i n s 

Wh i l e a comb i n at i on of favo urab l e  mo i sture , temperature and aera­

t i on is  i mperat i ve to the  e l aborat i on of tox i n s  by tox i gen i c  fung i 

( P i er et �. , 1 980 ) , i t  i s  we l l  k n own t h at a range of other phys i c a l , 

c hemi ca l  a nd geograph i ca l  factors a l so  p l ays a ro l e  i n  determi n i ng 

tox i n  prod uct i on and y i e l d .  The act ua l  factors i nvo l ved depends on 

whether mol d growth i s  i n  the f i e l d ,  at the t i me of harves t  o r  dur i ng 

s torage of the  product  ( Hesse l t i ne ,  1 976 ) . F urthermore , the  fas­

t i d i ous  n at ure of tox i ge n i c  fung i i n  req u 1 r 1 ng spec i f i c cond i t i on s  for 

tox i n e l a borat i on means that mycotoxi n s are often found i n  assoc i at i on 

w i t h  certa i n  s ubstrates and commod i t i es (Ci eg l er ,  1 978 ) . The occur­

rence of mycotox i n s on stand i ng crops i s  often confi ned to certa i n 
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geograph i c a l  reg i ons , wi th seasonal var i at i on s  i n  the i r  . prod uct i on 

( P i er ,  1 98 1 ) .  I n  contrast ,  mycotox i n  prod uc t i on i n  stored commod i t i es 

are not governed to the s ame extent by geograph i ca l  and  seasona l  

factors ( P i er et �. , 1 980 ) . Once mycotox i n i s  prod uced , the  res u l ­

t ant man i festat i on s  of mycotox i cos i s  w i l l  depend on comp l ex i nter­

act i ons  of  env i ronmental  factors , the sus cept i b l e  host  and the  tox i n  

i nvo l ved ( Tu i te ,  1 9 79 ) .  

The a ssoc i at i on of cerea l  gra i n wi th  mycotox i coses c an be traced 

b ack to  the days of  wi despread ergo t i sm i n  the M i d d l e  Ages ( V an  Rensburg  

et �. , 1 974 ) . Tab l e  2- 1  l i sts  some of the ear l y  mycotox i co ses due  to 

the con s umpt i on of mou l dy cereal  gr a i n  and feed s and summar i ses the i r  

effects  post - i nge st i on .  The causes  o f  these ep i demi c s  were not known 

then and recurrent outbreak s of d i sease were common .  As a res u l t 
morta l i ty r ates were h i gh and th ere was great suffer i ng amongst  affec-

ted man and an ima l s .  Of t h e  tox i c  funga l  metabo l i tes  t h at are k nown 

today, s ome are found to occur  i n  s i gn i f i cant  amounts  i n  cereal s 

( Tab l e  2 -2 ) but there are n o  reports of ep i demi cs  i n  the  proport i ons  

seen i n  t he  past . There i s  n o  doubt that wi th  i mproved , sen s i t i ve 

an a l yt i c a l  method s ,  even more mycotox i n s  wi l l  be detected . 

Cerea l  gra i n s ,  bei ng c arbohydrate concentrates are h i gh l y  

s u scept i b l e  t o  mycotox i n  contam i n at i on ( H i scoc k s , 1 965 ) . I n  genera l , 

mycotox i n  i s  found i n  l ower gr ade gra i n ( Sh otwe l l et �. , 1 97 7 )  and 

more commo n l y  after phys i ca l  damage , improper storage or pest  i nfesta­

t i on h ave pred i s posed the gr a i n to  fung a l  attac k .  

A l tho ug h  cerea l  gra i ns are con s i dered good substrates for myco­

tox i n produc t i on ,  some appear to  s upport the  product i on of some tox i n s  

but  n ot others (C i eg l er ,  1 978 ) . Soybeans , for examp l e  are a poor 

s ubstrate for afl atox i n  format i on ( Hesse l t i ne et �. , 1 96 6 ,  M i roc h a  

and Chr i stensen , 1 974a ) , pos s i b l y  because of the  poor growth of tox i ­

gen i c  s t ra i n s  o n  the  substrate (C i eg l er ,  1 9 78 ) . 



Tab l e  2 - 1 : Some early mycotox i coses associ ated wi th cereal s and an i mal feeds 

Myco­
t ox i coses 

E rgo t i sm 

Al imentary  
T ox i c  
Aleuk i a  

S tachy 
botryo­
toxicosis 

C a rdiac 
" K akke" 
B e r i-Beri 

Red Mold 
D i sease 

P e r i od o f  Count ry/reg i on 
occu r rence of outb reak 

S i nce M i ddle E ur ope , 
Age s .  E pidemi cs F rance 
in 1 8 th Century 

1 942 

1 931  

1 600-
1 800 ' s 

1 900s 

U . S . S . R .  

U . S . S . R .  

East  Asia 
esp.  Japan 
Japan 

Japan 

A fla toxicosis 1 960 ' s U . K .  
U . S . A .  

Cereals 
assoc iated 

with di sease 

A l l  kind s ,  
especially  
rye  

Overwi ntered 
grains , eg . 
m i l l e t ,  wheat 
and barley 

F odder -
hay/s t raw 
oats 

R i ce 

Wheat and 
B a rley 

G roundnuts & 
C o t tonseed 

T ox i c  
fungi 

invol ved 

C l av iceps spp.  
eg . C 1 .  purpurea 
& C l .  paspa l i  

Species 
a f fected 

Man 
a nd 
a nimal s 

F u sarium poae Man 
F .  sporot r ichioides 
and 
C l adosporium spp.  

S t achybot rys Animals , 
al te rnans esp.  Man 

& horses 

Peni c i l l i um 
c i t reo-viride Man 

Fusar ium spp.  Man 
( F .  nivale  
F .  gr aminearum) 

Asperg i l lus 
flavus 

Poul t r y ,  
cal ves ,  

Symptoms/e ffects 

A f fects nervous system ,  
causes gangrene, nervous 
seizures etc . 

A f fects haema topoietic s ystem 
s ymptoms s ynonymous wi th 
depressed R . B . C . , W . B . C .  
a nd platelet  forma tion 

I n flamma t i o n ,  neuros i s ,  
h yper thalmi a ,  va rious 
h aema topoietic : syndr omes 

Pa ral ysis , convu l s i ons 
respiratory and 
cardiac a r rest 

Feve r ,  c h i l l  
vomi t i ng 

pigo & t rout 

Subcu taneous haemor rhages 
hepa t i t i s ,  hepatoma s ,  
de!atf.l. 

R e ferences 

Van Rensburg e t .  al . 
( 1 974)  

G r oger ( 1 972 ) 

Forgacs and C a r l l  
( 1 962 ) 
J o f fe ( 1 978)  

Fo rgacs ( 1 972 ) 
Rodr icks e t .  a l .  

( 1 974) 

Ueno ( 1 974 ) 

Tsunoda ( 1 970) 
Saito & Ohtsubo ( 1 9 74 ) 
Yoshi zawa ( 1 983 ) 

But ler . ( 1 974 ) 

N '-l 



Tab l e 2-2 : Some mycotox i ns found � cerea l  gra i n s  

M ycotoxin C er eal Grain Country Leve l s  o f  
Con t aminated Mycotoxins 

T r i chothecene s :  
D eoxynivalenol corn Japan 0 . 1 6-0 . 37 ppm 

corn U . S . A .  0 . 5- 1 0  ppm 

N i valenol barley Japan 0 . 1 4 ppm 

T-2 Toxin barley Canada 25 ppm 

Zearalenone corn U . S . A .  5 ppm 
corn U . S . A .  4 50-750 ppb -1 sorghum U . S . A .  200-6900 n g  g 

Ochratoxins wheat U . S . A .  25-35 ppb 
wheat C anada 30-600 ppb 
corn Canada up to 500 ppb 

C i t r inin barley and oats Denmark 1 60-2000 �g kg - 1  

wheat Canada 1 0-80 . 0  ppm 

A flatoxin  corn Uganda 1 33 . 0  ppb -1 maize Australia 0 . 045 mg kg 

S terigmat oc ystin barley B ritain 3 . 0  ppm 
wheat C anada 0 . 3  ppm 

R e ferences 

Yoshizawa ( 1 98 3 )  
Vesonder et  al . ( 1 978)  

Yoshiz awa et.  a l .  ( 1 98 3 )  - -

Puls e t .  al . ( 1 97 6 )  

Mi rocha a n d  Christ ensen ( 1 974b ) 
Shot wel l  e t .  al . ( 1 971 ) 
Shotwel l e t  al . ( 1 980 ) 

Shotwe l l  et . a l .  ( 1 97 6 )  
Prior ( 1 976T -

Prior ( 1 981 ) 

K rogh e t  al . ( 1 9 7 3 )  
Sco t t  e t .  al . ( 1 97 2 )  

C ieg ler ( 1 97 8 )  
B laney ( 1 981 ) 

Shreeve e t .  a l .  ( 1 97 5 )  
Sco t t  e t .  al . ( 1 97 2 )  

N (X) 
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Tab l e  2-3 : Some mycotox i n s present � bar l ey 

Mycotoxin 

T r icho thecenes:  
T -2 
D eoxyn i va l enol 
D eoxyn i valenol 
N ivalenol 
N iva l enol 
Vom i t  ox in 
Zearalenone : 
1 
2 
3 
4 
C it r i n i n :  
1 
2 
3 
4 
O chratox i n :  
1 
2 
3 
4 
Ster igmatocyst i n :  
1 

V iomel l e i n  

Multimycotoxins:  

Country 

C anada 
Japan 
Japan 
Japan 
Japan 
C anada 

I reland 
E ng land 
Yugoslav i a  
Scotland 

Denmark 
D enmark 
Canada 
C anada 

Poland 
Denmark 
U . S . A . 
Canada 

U . K .  

Denmark 

Ochratoxin A, Zearal enone , U . K .  
A flatox i n  and Ster igmatocystin 

Zearalenone , Ochratox i n ,  
C it r i n i n ,  Patul i n  and U . K .  
Sterigmat ocystin 

Levels 

2 5 . 0  ppm 
5 . 0  ppm 
7 . 3  ppm 
0 . 1 - 22 . 9  ppm 

not quoted 
0 . 1 -6 . 8  ppm 

- 1  500 . 0-750 . 0  u g  kg 

2 . 0  ppm 
1 . 05 ppm 

80 . 0  ppm 
2 60 . 0  ppm 

-1 50-200 ug kg 
2 7 . 5  ppm 
38 ppb 22  ppm 

3 . 0  ppm 

- 1  1 m g  kg 

Refe rences 

Puls et.  al.  ( 1 97 6 )  
Ueno TI980) 
Morooka e t .  a l .  ( 1 97 2 )  
Yoshiz awa et�l .  ( 1 978)  
Morooka et�l�1 97 2 )  
Nash � al . TI981 ) 

Mi rocha and Chr ist ensen ( 1 974b)  
Sh reeve ( 1 976)  
Mi nocha and Christensen ( 1 974b) 
M i l ler e t .  a l .  ( 1 97 3 )  

Ha rwig ( 1 974 ) 
K rogh ( 1 97 3 )  
Sco t t  e t .  a l .  ( 1 97 2 )  
Sco t t  et . al . ( 1 97 2 )  

Juszki ewi cz e t .  al . ( 1 976)  
K rogh ( 1 9 7 2 )- ­
Nesheim ( 1 971 ) 
Scot t  et . a l .  ( 1 97 2 )  

Shreeve e t .  a l .  ( 1 97 5 )  

Hald et . a l .  ( 1 98 3 )  

Sh reeve ( 1 976)  

Hacking e t  �· ( 1 97 6 )  

N 1.0 
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2 . 2 .  MYCOTOX I N$ DETECTED I N  BARLEY 

A l though  many fung i are c apab l e  of produc i ng tox i n s  when grown on 

b ar l ey under s pec i a l cond i t i ons  i n  the  l aboratory , re l at i ve l y  few 

mycotox i ns h ave been found oc curr i ng natura l l y  i n  bar l ey ( Tab l e  2-3 ) .  

On occ a s i o n s ,  a s i ng l e  barl ey s amp l e  has  been s hown to h arbour 

more than one mycotox i n ( Harwi g ,  1 974 ; Shreeve , 1 976 ) . These myco-

tox i ns  may be the product of the  s ame or  d i fferent spec i es of fung i 

growi ng i n  t he  b ar l ey s amp l e  ( Hesse l t i n� 1 974 ) . 

I n  comp ar i son w i th l arger gra i n s  such  as corn , the i nc i dence of 

mycotox i ns i n  bar l ey not on l y  seems to be l ower but the  mycotoxi n s 

present appear to be l es s  var i ed ( Hesse l t i ne, 1 974 ; Scott , 1 97 8 ) . 

Neverthel ess , s ome mycotox i n s suc h  as  zearal enone , s ome tr i cho­

thecenes ,  c i tr i n i n  and  oc hratox i n s  c an be of s i gn i f i cance o n  bar l ey 

espec i a l l y  i n  areas where the gra i n i s  one  of the major c u l t i vated 

crops (Ci eg l er, 1 978 , P i er et � 1 980 ) .  Th i s  i s  probab l y  due  to the  

fact  that b ar l ey i s  more suscept i b l e  t o  i nv as i on by some funga l  s pe­

c i es .  For examp l e ,  b ar l ey i s  prone to  scab  d i seases cau sed by 
F u sar i um i nfestat i o n  (Chr i stensen et  a l . ,  1 9 77 ) .  Some of these  spec i es 

w i l l  produce  potent zearal enone and tr i c hothecenes u nder f avourab l e  

cond i t i ons  of growth ( Tu i t� 1 979 ) .  

2 . 2 . 1 .  Ear l y  Mycotox i co ses and Con s umpt i on of Moul dy B ar l ey 

I t  i s  not  surpri s i ng th at  bar l ey, one of the ear l i est  cerea l s 

cu l t i vated , h as l ong been assoc i ated wi th outbreak s of mycotox i ­

coses . I n anc i en t  t i mes , when bar l ey was  a stap l e  food gra i n ,  man and 

a n i ma l s ofte n  became i l l  after i ngest i ng food or feed prepared from 

b ar l ey i nfect ed wi th  the ergot fung u s ,  C l av i ceps purpurea .  As f ar  

b ac k  as 460-357  B . C . , the  Greek phys i c i an ,  H i ppocrates was  reported to  

prescr i be ground bar l ey for obstetr i c  p urposes ( V an Rens burg et . � 

1 974 ) .  S i n ce  b ar l ey o n  i ts own c a n  h ave no  effect on  the  c h i l db i rth 

process  i ts e l f ,  i t  i s  a s sumed th at  ergot must h ave been present  i n  the 

b ar l ey u sed . The u t i l i s at i o n  of ergot a l k a l o i ds for med i c i n al pur­

poses espec i a l l y  i n  o bstetr i cs was  c l a i med by the  Ch i nese more  t h an 

5000 years ago . 
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2 . 2 . 1 . 1  . .  · ; Ergot i sm 

E p i dem i c s  of  ergoti sm s pread through many parts of E urope espe­

c i al l y  France from the  9th to the 1 8th centur i es .  Thous ands of peop l e  
s uccumbed to the d i sease after consumi n g  bread made from ergot co n ­

tami n ated f l our  ( P i e� 1 981 ) . The most feared and d i stres s i ng symptoms 

due  to the effect s  of ergot a l ka l o i ds s u c h  as  ergotami n e ,  ergos i ne ,  

ergoc r i st i ne and ergokrypt i ne  i s  gangrenous ergot i sm wh i ch beg i ns w i th 

l as s i tude and a pr i ck l i ng sen s at i on i n  the l i mb s ( Van  Rensburg et . � 
1 974 ; Yamazak i ,  1 978 ) . As the d i sease progresses , there i s  severe 
p a i n ,  a l t ernat i ng sensat i ons  of  i ntense heat and co l d  as gangrene deve l ops  

i n  the affl i cted l eg s  and  fee t ,  and eventua l l y  t h e  l i mb s may be l os t .  

Ergot a l k a l o i d s a l so  affect the centra l  nervo us system , p roduc i ng 

twi tch i ng s ,  muscu l ar cramp s ,  sp asms , conv u l s i on s  and other nervou s  

d i sorders . Severe l y  affect ed pat i ents d i e  and comp l ete recovery of 

l e ss  severe l y  affected pat i ents from conv u l s i ve ergot i sm are r are .  

Today,  i t  i s  wi de l y  recog n i sed that  a l l members of the  fam i l y  

Grami neae are s uscept i b l e to paras i t i sm by var i ous  C l av i ceps s pec i es 

( Van  Rensburg et . at ,  1 9 74 ) . The notor i ou s  one i s  C l av i ceps purpurea 

wh i c h  i s  the mos t  common spec i e s to i nv ade  b ar l ey crops ( D i ener et . 

a l . , 1 976 ) . Ergo t i sm no  l onger occurs i n  ep i demi c proport i on s  due  to  

c h anges i n  agr i cu l t ural  pract i ces but  sporad i c  outbreak s s t i l l  occur  

i n  many p arts of E u rope and  the U . S . A .  { P i e� 1 981 ) . 

2 . 2 . 1 . 2 . A l i mentary Tox i c A l euk i a  ( A . T . A . ) 

A . T . A . i s  a n other mycotox i cos i s  wh i ch has resu l ted i n  dramat i c  

d i sease and mort a l i ty of man ( Busby Jr . et a l ., 1 979 ) . Outbreak s  of 

A . T . A . have been restr i cted to  the U . S . S . R .  and reached e p i demi c 

proport i ons d u r i ng Wor l d  War I I  and i n  the  post war years ( D i ener et 

�, 1 976 ) . 

I n  those t imes , food was scarce and l arge popu l a t i ons  c o l l ected 

g r a i n th at h ad been covered wi th snow through the wi n ter . Thus  the  

peak outbreak s occurred i n  s p r i ng  and  was most  severe i n  severa l  areas  

where u p  to  60% morta l i ty rate  was common amongst the  affected . Con­

s umpt i on of at l east  2 . 0  k g  of food prepared from overwi n tered g r a i n 

reputed l y  gave r i se to c l i n i c a l  symptoms of the d i seas e .  The effects 
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of  tox i n s  on the haematopo i et i c  sys tem prod uced typ i c a l  A . T . A .  symp-

toms wh i ch i nc l uded  fever , haemorrhag i c  ras h ,  

agran u l ocytos i s ,  necrot i c  ang i n a ,  seps i s etc ( Wy l l i e 

1 978 ) . 

l e u kopaen i a ,  

and Morehou s e, 

A n umber of fung i  were i s o l ated from the overw i ntered m i l l et ,  

wheat , rye and bar l ey ( Wy l l i e and Moreho u s e ,  1 978 ) . F u s ar i um 

s porotr i c h i o i des , F .  poae , C l adospor i um ep i phy l l um and C l adospor i um 

� ' were some of the  pr i nc i p a l  f u ng i  recovered from overwi ntered 

gra i n s amp l e s ( Bamb urg et � 1 969 ) . 

2 . 2 . 1 . 3 .  Red Mo u l d D i sease  

I n  the  ear l y  1 900 ' s , th ere were a n umber of  i ntox i cat i ons  affec­

t i ng man and an i ma l s i n  Japan attr i butab l e to the i nv a s i on of ed i b l e  

gra i n by F us ar i um s pec i e s ( M i yak i , 1 9 70; C i eg l er ,  1 9 78 ) . Ak akab i - byo 
( R ed Mo u l d  d i seas e )  c a u ses vomi t i ng and d i arrhoea i n  man and ref u s a l  

o f  feed , congest i on and haemorrhage i n  var i o u s  organs  o f  affected 

a n i mal s ( Ueno ,  1 9 77 ) .  On ex ami n at i on of  the i nc r i mi nated gra i n ,  

F u sar i um gram i nearum , F .  n i v a l e ,  � poae and � oxysporum were the  

most  freq uent  F u s ar i um spec i es present ( Sa i to and Oht s u bo ,  1 9 74 ) . 

I nfes ted bar l ey, wheat and to a l e s ser extent r i ce and other food 

c rops were al l found  to conta i n the tox i n s  ( Ts u nod a ,  1 970 ) . After 

i n ten s i v e myco l o g i ca l  i nvest i g at i on s ,  Red MOuld d i sease and A . T . A .  are 

be l i ev ed to be c a u sed by the  i ntake of t r i c hoth ecenes ( Smal l ey and 

Strong , 1 974 ; Ueno , 1 980 ) . 

2 . 2 . 1 . 4 Other spontaneous  D i seases� attr i b a t �b l e  to mou l dy· bar l ey 

Reports of d i sease  l i n ked wi th mo u l dy bar l ey mea l s have  been  

s porad i c .  I n  contrast to the ear ly mycotox i coses  when  major ou tbreak s 

i nvo l ved humans , tab l e  2 -�  shows that many of  th ese tox i coses  affect ed 

mai n l y  domest i c  an i ma l s .  One p l au s i b l e  exp l an at i on i s  that bar l ey h a s  

changed i t s rol e over t he  years from be i ng  a pr i nc i pa l  human food 

gra i n to  becomi ng a p r i me source of  an i ma l  feed . Another notab l e  

aspect i s  that a l mo s t  a l l the  l ow gr ade and mou l dy gra i n rej ected for 

h uman con s umpt i on i s  eventu a l l y  u sed as a n i ma l  feed ( W . H . O . , 1 9 79 ) . 



Tab l e  2-4 : Spont aneous d i sease at t r i buted to  mycotox i n s  � mou l dy bar l ey 

Myco tox i n  
D e te c t ed 

O c h r a to x i n  
Z e a r a l enone 

E me t i c  m a t er i a l  
Z e a r a l enone 

Z e a r a l enone 

Z e a r a l a none 

Z e a r a l a n o n e  

Z e a r a l a none 

Z e a r a l a n o n e ?  

T - 2  t o x i n  

T - 2  

O c h r a to x i n  
C i t r i n i n  

C yc l o p i a z o n i c  
a c i d  

L eve l s  

Trace 

2 5  ppm 

> 200 ppb 
2 ppm 

C o u n try S p ec i es 
Affected ---

U . K .  P i g s 

P i g s 

R u s s i a  P i g s 

Sheep a n d  
C a t t l e  

I re l a nd P i g s 

Yugos l av i a  P i g s 

D e nmark P i g s 

Germany P i g s  
B e l g i um P i g s 
H o l l a nd P i g s  

C an a d a  P i g s 

C a n ad a  D uc k s ,  gee s e ,  
h o r s e s , swi n e  

Denmark P i g s 

I r e l a nd P i g s 

E n g  1 a n d  C a l ves 

Syndromes 

D e a t h  

V omi t i ng and 
d i arrhoea 

C h a nges i n  
g e n  i t a 1 organs 

P o i s o n i ng 

V u l vovag i n i t i s  

V u l vova g i n i t i s  

V u l vova g i n i t i s  

D e a t h  

F u ng i I s o l a t ed Referenc e s  

Asperg i l l u s f l av u s  
A .  f umi g a t u s , A .  n i g e r  S h reeve e t  a l . ( 1 9 7 5 )  
P e n i c i l l um c r u s t o s um 

- -

F u s ar i um spec i e s B rook et . a l . ( 1 9 66 ) 
e g .  F .  g r am i  n e a rum 

- -

G i ber e l l a  zeae 

F u s a r i u m s p ec i e s 

F u s a r i um 
grami n e a r um 

Kyse 1 a ( 1 94 1  ) 

C h r i s t en s e n  and K e r n k amp 
( 1 9 36 ) 

Mc E r l e a n  { 1 95 2 )  

S t am a tov i c  e t  a l .  ( 1 9 6 3 )  

E r i k s e n  ( 1 968 ) 

M i e s s ner a nd Schoop ( 1 9 2 9 )  
B e l l e r  a n d  Wedem a n n  ( 1 9 2 9 )  
C h r i s t e n s e n  and Kernk amp ( 1 9 36 ) 

Andrews � �  ( 1 98 1 ) 

U p per a l i me n t ary G i be r e l l a  z e a e  
d i seases , d e a t h  

Gree nway a n d  Pu l s  ( 1 9 7 5 ) 
P u l s  and G r eenway ( 1 9 7 6 ) 

o f  geese 

K i dn ey Pe n i c i l l um 
dege ner a t i on v i r i d i c a t u m  

Krogh ( 1 9 7 6 )  

Nephrotox i c i ty Asperg i l l u s  f um i g a t u s ,  B uc k l ey ( 1 9 7 1 ) 
Abs i d a  r amosa 

a t ax i a  & 
muscu l a r 
t remors 

P e n i c i l l um cyc l o p i um 

Pe n i c i  l l u m  
c yc l o p i um 

H a r r i s o n  { 1 9 7 1 ) 

w 
w 
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Many mycotox i coses res u l t i ng from the consumpt i on of mou l dy b ar­
l ey h ave oc cu rred when the  gra i n  h as been mos t  su scept i b l e  to f u nga l  

i nv a s i on under preva i l i ng co l d  and wet cond i t i on s  ( C ar l to n  and Tu i te 

1 9 77 ; M i roc ha  � �. , 1 974 ) . These mycotox i coses appear more preva­

l ent i n  some Eu ropean countr i es and  Canada ( Tab l e  2-4 ) , wi th mo st  of  

the c ases i nvo l v i ng l oca l l y  grown barl ey . However , t he  s i mu l t aneous  

h i g h morta l i ty of  numerous  p i g s i n  Ho l l and ( Chr i stensen and Kernkamp , 

1 936 ) , Be l g i um ( Se l l er et . � 1 929 ) and Germany ( M i e s s ner et  �. , 
1 92 9 )  was traced to b l i ghted bar l ey i mported from U . S . A .  ( Moreau , 

1 9 79 ) . 

The presence of funga l tox i n s  i n  b ar l ey fed to an i ma l s does  not  

i nvar i ab l y  produce  d i seas e .  Sh reeve � � ( 1 9 75 )  co u l d  not detect 

any apparent c l i n i c a l  synd romes in  a herd of  d a i ry cows fed bar l ey 

conta i n i ng fo ur mycotoxi c compound s .  In s uc h  cases  the mycotox i n s  may 

have been present at concentrat i ons be l ow those  necess ary to e l i c i t  

acu te  d i sease syndromes ( P i er � �' 1 980 ) . 

2 . 3 .  AFLATOX I NS PRESENT I N  BARLEY 

Some stra i n s  of Aspera i l l u s f l av u s  and Aspergi l l u s paras i t i c u s  

growi ng on s u i tab l e  s ubstrates under f avo urab l e  cond i t i on s  may produce  

severa l  h i gh l y  t ox i c and carc i noge n i c compounds  k nown as af l atox i n s  

( P i er ,  1 98 1 ) .  T h e  af l atox i n s  are named accord i ng to the i r  co l our of  

f l u orescence when  they are v i ewed u nder  u l tra-v i o l et  l i g ht . F or  

examp l e , af l a tox i n B f l u oresces b l u e and af l a tox i n G f l uoresces green . 

The fami l y  of af l atox i n  compound s vary i n  t h e i r degree of tox i c i ty .  

Afl atox i ns  B2a and G2 a ,  the hydroxy der i v a t i ves o f  af l atox i n s  B 2  and  

G2 respect i ve l y  are much  l e ss  tox i c  t h an af l atox i n s  B 1 , 82 , G 1 , G2 and 

M1 . Af l atox i n M 1  i s  a metabo l i te wh i ch appears i n  ur i ne ,  mi l k  and 

t i s s ue s  after i nge st i on of food contam i n ated wi th B1  af l atox i n .  Af l a­

tox i n s  B 1 , G1  and M1 are the  most  common l y encountered af l atox i n s  i n  

food s and feed s ( C i eg l e� 1 978 ) . 

2 . 3 . 1 .  Reports of  Con tam i n at i on 

B ar l ey ,  as  the other smal l gr a i n s  ( wheat , s orghum , m i l l et ,  rye , 

oats , r i ce )  i s  general l y  cons i dered a 11 l ow- af l atox i n r i s k 11 mater i a l 
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( M i roc ha  and C h r i stensen , 1 9 74a ) .  The U . S . Dep artment  of  Agr i c u l t ure 
and The  Food and Drug Adm i n i s t r at i on exami ned 254 commerc i a l bar l ey 
s amp l e s from 1 968- 1 975 for af l atoxi n s  and found  none . Neverthe­

l es s  bar l ey has  occ as i on a l l y been  found  to cont a i n af l atox i n s  ( Tab l e  

2 -5 ) .  

Work i ng i n  the  U . K . , Raymond ( 1 966 ) and Wogan  ( 1 968 ) were among st  
the  f i rst  researchers to  detect af l atox i n s i n  bar l ey s amp l e s sent to  

them from temperate and trop i c a l  co untr i e s .  L afont and  Lafont ( 1 970 ) , 

i n  th e i r  l i m i ted s urvey of  cerea l s  from Franc e ,  
enco u ntered both af l atoxi n s  B 1  a nd G1  i n  7 %  o f  the  bar l ey s amp l es they 

exam i ned . The other reports of  s i gn i f i cant  l eve l s of  af l a tox i ns i n  

b ar l ey ( Tab l e  2 - 5 ) were the  res u l t  of b i ased s urveys of e i ther gr a i n  

a s soc i ated wi th  s u s pected cases  of mycotox i coses or gra i n  t h at showed 

Tab l e  2 - 5 : N a t ura l  Occurrence of Af l atox i n s � B ar l ey 

Coun try 

U . K .  

As i a  and Afr i ca 

France  

Br i t a i n 

A u s tra l i a  

Br i t a i n 

A u s tra l i a  

Au s t r a l i a  

Leve l s of  Af l atox i n s 

traces 

not st ated 

8 1 < 1 0 . 0  ppb  and G1 

B1 -0 . 05 ppm , G 1 -0 . 20 ppm 

8 1 -0 . 07 ppm , G 1 -0 . 20 ppm 

0 . 1 ,  0 . 2 p pm 8 1  

- 1  1 25 ll g  k g  B 1  

- 1  0 . 0 1 mg k g  8 1  

- 1  0 . 05 1 -0 . 50 m g  k g  8 1  

References 

R aymond ( 1 966 )  

Wog an  ( 1 968 ) 

L afon t  and L afont ( 1 9 7 0 )  

Shreeve � � ( 1 9 7 5 )  

Shreeve et � ( 1 9 75 ) 

Bryden et � ( 1 9 7 5 ) 

H ack i ng and B r i gg s  ( 1 9 79 ) 

Bryden � � ( 1 980 ) 

Conno l e et � ( 1 981 ) 
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obv i ou s  s i gn s of  funga l  i nv as i on ,  often i n  conj unct i on wi th a h i story 

of rewett i ng . The one except i on was the  mou l dy s amp l e  exami ned by 

H ac k i ng a nd B r i ggs  ( 1 9 79 ) .  Th i s  part i cu l ar s amp l e of home- grown 

b ar l ey became mou l dy due  to  i n adeq u a te treatment  wi th commerc i a l 

prop i on i c  ac i d  on a Br i t i sh farm.  

Th u s ,  i t  i s  ev i dent th at af l atox i n s have  contam i n ated bar l ey, 
espec i a l l y  b ar l ey s u bj ected to i mproper storage and h and l i ng ( Sto l off 

1 9 7 7 ; B u sby J r .  a n d  Wogan , 1 9 79 ) . The pos s i b i l i ty of  af l atox i n con­

t ami n at i on wi l l  u ndo ubted l y  i nc rease as product i on and  u s age of  b ar l ey 

con t i n u e �  to  r i s e rap i d l y , creat i ng extra pres s ure to prov i d� 

adeq u ate  storage fac i l i t i es .  

2 . 3 . 2 .  Af l atox i n Format i on i n  Cereal  Gra i n s 

2 . 3 . 2 .  1 .  Af l atox i n  producers  

S i nce  the  o utbreak s  of turkey X d i sease  i n  the  1 960 I S '  
Aspergi l l u s  f l avus  and  Aspergi l l u s  p ar as i t i cus  have become we l l k n own 

as prod ucers of af l atox i n s .  Apart from these  two s pec i e s ,  s evera l  

o t her  f u ng i  h ave i n  the  pa st  been c l a imed to prod uce af l atox i n s .  

These  i nc l ude  other Asperg i l l i ,  s ome Pen i c i l l um spec i es and  R h i zopus  

s pec i es ( Ku l i k  a nd  Ho l ad ay, 1 966 ; Hodges et �. , 1 964 ; P ar i s h et �. , 

1 966 ; Scott � �. , 1 96 7 ;  V a n  W a l beek et �. , 1 968 ) . However ,  des p i te 

the work of many i nvest i gators  none of the above c l a i ms h ave been 

s u b s t a n t i ated . The ab i l i ty to produce  af l atoxi n s  seems to  be  confi ned 

to A.  f l av u s  and the  c l o s e l y  re l ated � paras i t i cus , both n umbers of 

the As pergi 1 1  u s - oryz ae group ( R aper and Fenne l ,  1 965 ) .  Moreover ,  t hey 

are the  on l y  af l atox i n prod uc i ng fung i that are reg u l ar l y  i so l a ted 

from af l atox i n contami nated commod i t i es and from commod i t i es a s so­

c i ated w i th overt a f l atox i cos i s  ( Sto l of� 1 9 79 ) . 

N umerous s t ud i es i nc l ud i ng those  by P arr i s h  et  a l . ( 1 96 6 ) , 

W i l dman  � � ( 1 96 7 )  a nd D i ener and D av i s ( 1 96 9 )  have reve a l ed t h at 

tox i n produc i ng ab i l i tj i s  n ot a un i vers a l  c h aracter i st i c  of  A .  f l a v u s  

and � paras i t i cu s  s pec i e s .  I t  i s  s a i d  t h a t  o n l y  around h a l f t h e  

s t r a i n s  o f  A .  paras i t i cu s  and A .  f l av u s  are af l atox i ge n i c u nder  

o p t i ma l  env i ronmenta l cond i t i on s  ( P i er 1 981 ) .  Perhaps  o ne  of  the  most  

s i gn i f i cant  s t ud i es was t h at  of  He s s e l t i ne et �. , ( 1 978 ) who demon­

s t r ated the  great v a r i ab i l i ty i n  i s o l ates of  the A. f l a v u s  grG�P to 
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produce  afl atox i n s . They c u l t i vated 6 7  s tra i n s  i n  v i tro on  th ree 

d i fferent natura l  s u bs trates , under two d i fferent i nc u bat i on tempera­

t ures . The f u ng a l  stra i ns  d i ffered not  on l y  i n  the  yi e l d  of tox i n s  

b u t  a l so  i n  the  proport i on s  of af l atox i n  compound s ,  B ,  G and M 

accumu l ated . 

2 . 3 . 2 . 2 .  Other factors  i nf l u e nc i ng af l atox i n  format i on 

On  a g i ven s u b strate , the  growth and s u bseq uent tox i n  format i on 

of i nd i v i d u a l  s tr a i n s of A .  f l avus  and � paras i t i c us i s  dependent on  

the  expres s i on of  i t s i nherent af l atox i n produc i n g abi l i ty under the  

i nf l u ence of  the  env i ronment  ( Sc hroeder and  As hworth ,  1 966 ) . Mo i s ­

t ure , temperat ure and l ength of i nc u b at i on are co n s i dered t he  

pr i nc i pa l  factors i nvo l ved ( C hr i stensen  et �. , 1 9 77 ) ,  

A .  f l avus  and A .  paras i t i cu s  are c l as s i f i ed a s  mesophytes , 

req u i r i ng a mi n i mum re l at i ve humi d i ty of 80- 90% for growth ( D i ener and 

D av i s ,  1 969 ) . I n  s t archy gra i n s ,  the  m i n i mum mo i sture content  for 

growth i s  therefore a bout 1 8 . 0- 1 8 . 5% on a wet we i g ht bas i s  ( M i roc ha  � 
�. , 1 9 74 ) . Th i s  i s  a l so  the  mi n i mum mo i sture l eve l  req u i red for 

af l atoxi n prod u c t i on i n  cereal gr a i n  ( Bo l l er ,  1 9 74a ) . As mo i s t ure 

content i ncreases  above th i s  l eve l , t he  f u ng u s  grows more rap i d l y ,  

prod uc i ng more a f l atoxi n .  However ,  when  g r a i n  i s  stored , i n creas i ng 

moi s t ure content s  act i vate other f u n g i  present , and due  to the  

i ncreased compet i t i on imposed on  the  A .  f l av us , t he  net  res u l t i s  a 

decrease i n  the  a f l atoxi n accumu l at i on ( Bo l l er ,  1 97 4b ) . More recent l y  

C h ang and Mark ak i s  ( 1 981 ) p ub l i s hed one  of the few s t ud i es o n  the  
effect s  of  mo i s t ure  l eve l s on  af l atox i n product i on in  b ar l ey .  They 

reported max i mum a f l atox i n accummu l a t i on i n  the mo i sture range  of 28-
3 1 %  for bar l ey s t ored at 2 5°C .  There was no af l atoxi n at mo i st u re 

l eve l s  of 1 3 . 5% or  l ower and on l y  traces  of af l atox i n  were detected at 

1 6% .  

Sorenson e t �- ( 1 967 ) ,  who stud i ed the  effect of  temperature on  

a f l atox i n prod u c t i on i n  r i ce observed the  accummu l at i on of  t he  tox i n 

w i th i n  a temperature  range of 1 1 -3 7°C .  The opt imum temperat u re for 

t ox i n product i on was  28-3 2°C for af l atox i n  B and 28°C for af l atox i n  G .  

V i rt u a l l y  n o  a f l a tox i n was formed when  t h e  temperat ure i ncreased above 

3 7°C .  Temperat ure  was a l so s hown by D av i s  and D i ener ( 1 9 70 )  t o  p l ay a 
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rol e i n  determi n i ng the  rat i os of af l atox i n s  B and G prod uced . The 
rat i o  of  B 1  to G 1  produced by � f l avus  i s  1 at 30°C ;  more t h an 1 at 

temperatures of i nc u b at i on greater than 30°C and l e ss  t han  1 at tem­

peratures l ower t h a n  30°C .  

The th i rd factor i nf l uenc i ng af l atox i n format i on i s  t i me .  U nder 

opt i mum 

after 

After 

1 97 7 ) .  

temperature and mo i s t ure l eve l s ,  s ome tox i n  wi l l  be detected 

24  hours , w i th tox i n produc t i o n cu l m i n at i ng  around 1 0  days . 

th i s  t i me tox i n product i on may dec l i n e ( C h r i sten sen  et �. , 

V a r i ous  other factors , often i nteract i ng together i n  a comp l ex 

manner , can  i nf l uence  afl atox i n product i on and yi e l d .  These  factors  

i nc l ude  the nature of the s u b s trate , the deg ree of phys i c a l  damage , 

the matur i ty of t he  gra i n ,  the  g a seous  effects  of oxygen ,  carbon 

d i ox i de and  n i trogen ,  the enh ancement  effect s of trace m i nera l s and  

f i n a l l y  the  comp l i c a t i ons  of m i crob i a l i n terac t i on s .  A l l these  are 

we l l ev a l u ated i n  a n umber of p apers and some exce l l ent  rev i ews can be 

found i n  D i ener and  D av i s  ( 1 969 ) , Moreau ( 1 9 7 9 )  and Detroy et a l . 

( 1 9 7 1 ) 

2 . 3 . 3 . Screen i ng � f l avus- oryz ae s tra i n s  for Af l atox i n  Prod ucers 

In  any s urvey i n to the mycof l o ra  of commod i t i e s ,  f ung i b e l ong i ng 

to the  A .  f l avus  group  can  u s ua l l y  be i s o l a ted on a var i ety of agar  

med i a ,  pos s i b l y  after i ncubat i on a t  d i f ferent temperatures . A k n ow­

l ed ge of the tox i g e n i c  character i s t i c s  of s u c h  omn i present  i so l ates  

wi l l  be  usefu l i n  a s sess i ng the  poten t i a l  s i g n i f i cance  of these  

i so l ates  i n  render i ng  s ubstrates h armfu l to h umans and  an i ma l s .  

Bothast  and Fenne l l ( 1 9 74 ) were the  f i r s t  to des cr i be a s e l ect i ve 

med i um for the  r ap i d  detect i on and enumerat i on of tox i ge n i c  A .  f l av u s .  

The As pergi l l u s  D i f ferent i a l Med i um ( A . D . M . ) conta i ned 1 . 0% yeast  

extract , 1 . 5% tryptone  and  0 . 05% ferr i c  c i t r ate .  On  i nc u bat i on  of 

i nocu l ated p l ates at  2 8 °C for 3 d ays , tox i ge n i c  i so l ates  produce  a 

ch aracter i st i c  ye l l ow-orange p i gmentat i on o n  t he  reverse  of the  co l o ­

n i es .  More recent l y Hock i ng ( 1 982 ) dev e l o ped  another d i fferent i a l 

med i um ,  A . F . P . A . ( As pergi l l u s  f l avus  and paras i t i cu s  aga r )  wh i ch i s  



39  

recommended for i s ol at i ng af l atox i gen i c  s tra i ns  i n  commod i t i es s uc h  as  

g ra i n ,  stoc k feed , nuts  and o i l seed s .  

There are many method s av a i l ab l e for determi n i ng the tox i gen i c i ty 

of  funga l i so l ates . Most i nvest i gators  favour the i nocu l at i on of 

funga l  spores on  so l i d  or l i qu i d  s ubstrat es . 

2 . 3 . 3 . 1 .  L i qu i d  Med i a  

An undef i ned semi synthet i c  med i um wi l l  s uff i ce for screen i ng 

c u l t u res of � f l av u s ,  and � paras i t i c u s  for tox i n  prod u ct i on .  

D i ener and D av i s  ( 1 966 ) screened spec i es of the  A .  f l avus  group 

from pean uts , feed , corn and  other so urces , on a semi - synthet i c  

med i um ,  SMKY , conta i n i ng sucrose , m i nera l s and ye ast extr act . Later 

Mehan and  Chohan  ( 1 9 7 3 )  chose th i s  med i um as we l l as  the  Yeast  ext­

r act , sucrose  and s a l t med i um ( Y . E . S )  a s  descr i bed by Dav i s  � � 
( 1 966 ) ,  to test  2 1  A .  f l avus i s o l ates for the i r  afl atox i n  produc i ng 

a b i l i t i es .  U nfortu nate l y, a l though  conf i rmat i on o f  af l atox i n prod uc-

t i on i s  made e as i er w i th  the re l at i ve ease of  tox i n extract i on from 

l i q u i d  cu l t ure , some i nvest i gators ( Maggon et �- , 1 969 ) h ave  found 

that l i qu i d  med i a  are i n  fact rather poor s ubstrates for af l atox i n 

p rod uct i on .  Th i s  may res u l t  i n  a reduc t i on i n  eff i ci ency for detec­

t i ng weak af l a tox i n  prod ucers . 

2 . 3 . 3 . 2 .  N atura l  s ubstrates 

Ev a l u at i ons  of s ubstrates for tox i n product i on by members of the  

A .  f l avus group  have shown that af l atox i ns are  read i l y  prod u c ed on a 

v a r i ety of n atura l  s ubstrates under contro l l ed cond i t i on s  i n  v i tro 
( Detroy et �. , 1 9 7 1 ) .  Several  i nv e s t i gator s ,  i n  s urveys for af l a­

t ox i n prod uc ers , have cu l t ured � f l av u s - oryz ae i s o l ates on  a range of  

s ter i l i sed cerea l  gr a i n s  and o i l seed s .  Pean u t s ,  r i ce , wheat , cotton­

s eed , sorghum ,  corn ,  rye and  oats  are  s ome of  the s ubstrates  u sed 

( Ambrecht et �. , 1 96 3 ;  Bo l l er and Schroeder ,  1 966 ; Taber and 

S c hroeder ,  1 96 7 ;  Joffe , 1 969 ;  R i c h ard  and Cysews k i , 1 97 1 ; Schroeder  

a nd Bo l l er ,  1 9 73 ) .  Some i nvest i gators  ( D i ener and  Dav i s ,  1 966 , and  

Mehan  and Choh a n ,  1 973 ) used a comb i n at i on of  l i qu i d  med i a  i n  ad d i t i on 

t o  n atura l  s u b strates to i dent i fy and  ver i fy afl atox i n  producers  

amongst  th e i r  A .  f l avus  i s o l ates . 
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After a per i od of i ncu bat i on ( an average of 7 - 1 0  days ) ,  the 

funga l  c u l t ures i n  both l i q u i d  and so l i d  s u b s trates are  chec ked for 

the presence of afl a tox i n s .  Any afl atox i n compound  present i s  

extracted i n to orga n i c  so l vents , the extract s concentrated and the  
afl atox i n s  detected by s uc h  method s as b i oas says , mi n i co l umn or th i n  

l ayer c hromatography, f l uorodens i tometry ,  spectrophotometry etc . ( to 

be d i scus sed l ater ) . 

2 . 3 . 3 . 3 .  Agar f l u orescence 

Observat i ons of  the f l uorescence prod uced i n  med i a  on  wh i ch fung i 

from tox i c groundn uts  were grown l ed to the dev e l opment  of a s i mp l e  

a nd rel a t i v e l y  rel i ab l e  method for the rap i d  recogn i t i on of af l atox i n ­

synthes i z i ng fung i  ( De Voge l , 1 9 65 ) .  Agar med i a  s pec i a l l y  formul ated 

to detect  f l u orescent af l atox i ns  as wel l as s u pport i ng the growth of 

Aspergi l l u s spec i es and s ubseq uent  tox i n e l aborat i on and d i ffus i on 

i nc l ude mod i f i ed Czapek Dox Agar  and  peanut extract , ( de Jongh et �. , 

1 964 and De  Voge l  et �. , 1 965 ) ,  mod i f i ed Cz apek Dox Agar ( CDA ) and  

c orn steep l i q uor ( Hara  e t �. , 1 9 74 ) ,  coco n u t  agar med i um ( L i n  and 
O i anese , 1 9 76 ) and a c hemi ca l l y  def i ned med i um des i g ned by Torrey and 

Marth ( 1 9 76 ) .  

The emi s s i on of f l u ore scence when an  i ncub ated agar p l ate i s  

v i ewed u nder  u l tra- v i o l et l i ght i s  a strong i nd i cat i on of the afl a­

t ox i n prod uc i ng abi l i ty of the i noc u l ated fung u s . Even weak afl atox i n  

p roducers emi t f l uorescence after 3-4 days of  i ncubat i on .  The d i s ­

t i nct i ve co l o urs of f l u orescence can  g i ve an i de a  of the  af l atox i n 

c ompound  produced . For  ex amp l e ,  af l atox i n B i s  represented by a 

b l u i s h f l u orescence and the presence of a q uant i ty of afl atox i n G 1  

c h anges t he  f l uorescent  co l our  to green i s h - b l u e ( Voge l 1 965 ) . F u r­

t hermore , these af l a tox i n compoun d s  can be  extracted fo l l owi ng the 

b l end i ng of  the f l u orescent  ag ar  med i a  ( Hara  et �. , 1 9 7 4 ;  L i n  and 

D i anese , 1 9 76 ) . 



2 . 4 .  ASSAY METHODS FOR AFLATOX INS  AND OTHER MYCOTOX I N S  I N  CEREAL 

GRA I N  

2 . 4 . 1 .  I ntrod uct i o n 

4 1  

Af l atox i ns  and other mycotox i n s are k nown to  occur i n  a w i de  

v ar i ety of  agr i cu l t ura l  commod i t i es .  Th i s  together wi th the  fact  th at 

they are present among st  a m i l i eu of other compounds and trace e l e­

ments  has  l ed to  the  deve l opment of h u ndreds of method s for detect i ng 

and an a l yz i ng them .  E ven a decade ago , Nesh i em ( 1 976 ) was ab l e  to 

l i st  more than 1 00 phys i oc hemi c a l  and b i o l og i c a l  methods for the 

q u a l i t at i ve and quan t i tat i ve determi nat i on of the oc hratox i n s a l o ne .  

The d i verse phys i c a l  and c hemi ca l  propert i es o f  the  mycotox i n s them­

s e l ves and the pos s i b i l i ty of the i r  mu l t i p l e  presence i n  a g i ven  
s ubs trate at any one  t i me further contr i bute to the  v ar i ab i l i ty of  

meth od s and  t he  comp l ex i ty of  des i gn i ng mycotox i n  assays . 

Mycotox i n  assays d i ffer i n  th e i r  sens i t i v i ty and accuracy , i n  

the i r  rap i d i ty and ease of  performance ,  i n  the i r  req u i rements for  

resources  s uch  as eq u i pment , l abou r ,  t i me ,  mater i al s , and f i na l l y  i n  

th e i r  app l i c a b i l i ty for ex tract i ons of mycotox i n s from var i o u s  

mater i a l s .  Some of these  a s s ays h ave been s e l ected and tes ted i n  

co l l abora t i ve st ud i es pr i or to  the i r  adopt i on as offi c i a l method s of 

an a l ys i s .  A st andard book of recommended offi c i a l method s i s  t hat  

pu b l i s hed by  the  Assoc i at i on of  An a l yt i ca l  Chemi s ts ( 1 980 ) .  Des p i te  

t he  ex i s tence of  a l arge n umber of  proposed methods of  ana l yses , t he  

c ho i ce of  a method i s  de termi ned by  con s i derat i ons s u c h  as com­

po s i t i on ,  s i z e  and q uant i ty of  samp l es to be exam i ned ,  the  av a i l a­

b i l i ty of  re sources and the  a i ms of the  study . 

A l l mycotox i n  a s say methods  bas i ca l l y  compr i s e the  genera l  steps  

i l l u s t rated i n  f i gure 2-1 . A l t h o ugh  the  determi n at i on of mycotox i n s can  
c. 

be carr i ed o u t  us i ng p hys iAoc hem i ca l  or b i o l og i ca l  method s ,  chemi c a l  

methods  are preferred for rout i ne a n a l ys i s  and for t h e  q u a nt i tat i on 

and c h aract e r i s at i on of  mycotox i n s .  B i o l og i c a l  methods are better 

emp l oyed to comp lement c h em i c a l  method s for they are frequen t l y t i me 

con s umi ng ,  expens i ve and l ac k  sens i t i v i ty and prec i s i on .  Never­

t he l es s , b i o l og i ca l  as s ays are essen t i a l  i n  demonstrat i ng tox i c i ty and 

when no  re l i ab l e  c hemi c a l  methods  h ave been estab l i s hed . 
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2 . 4 . 2  Samp l i ng 

I n  any ana l ys i s ,  the tot a l  error i s  the  s um of the samp l i ng ,  

s ubsamp l i ng a nd an a l yt i c a l  errors ( W h i taker , 1 9 7 7 ) , wi th the  sampl i ng 

error ge nera l l y  far  exceed i ng th at of the  l ater two error s .  Th i s  

d i ffi c u l ty i n  samp l i ng ar i ses because  of t he  heterogeneous  n ature of 

mycotox i n  contami nat i on  ( L i l l ehoj , 1 9 79 ) . Amounts of af l atox i ns 

present , for examp l e ,  may not on l y  be  sma l l but these tox i ns  can occur 

i n  on l y  a few kerne l s  or gra i n s w i th i n  the  mass ( C ampbe l l ,  1 9 70 ) . 

Thus  a carefu l l y  taken  samp l e  i s  i mperat i ve i n  obta i n i ng a tr u l y  

representat i v e samp l e o f  the l o t .  

I n  the  recommended protoco l s  for surveys and samp l i ng o f  cereal  

gr a i n s  for mycotox i n s ,  Dav i s  � �· ( 1 980 ) emphas i zed that  samp l es 

must be o bt a i ned at random from we l l  b l ended gra i n  l o ts  and the  samp l e  

s i zes must  b e  adequ ate for prod uc i ng re l i ab l e  and u sefu l  resu l t s .  

Whenever pos s i b l e ,  mi n i mum s amp l e  s i zes  o f  5 . 0  k g  per l ot s hou l d  be 

obta i ned . F u rthermore , the authors  advoc ated st ream s amp l i ng or the 

co l l ect i on a nd comb i nat i on of sma l l port i on s  from a mov i ng st ream of 

gra i n at per i od i c  i n terva l s to g i ve a " poo l ed "  samp l e  as the  most 
effect i ve method . Probe samp l i ng is  adeq uate for recent l y  b l ended 

l o ts and i s  the nex t  preferred s amp l i ng method . Both stream s amp l i ng 

and probe s amp l i ng are con s i dered s u per i or to f i e l d  s amp l i ng of e ars 

of gr a i n .  

2 . 4 . 3  S u b samp l i ng 

S i nce  i t  i s  not  pract i c a l  t o  a n a l yse the  ent i re s amp l e from a l o t 
s u.mple. 

for mycotox i n s ,  The A i $  often ground , mi xed and subsamp l e s taken  by 

co n i ng or qu arter i ng ( Jones , 1 97 2 ) . E qua l  care must be t ak e n  i n  s ub ­

s amp l i ng as  i n  s amp l i ng from a l o t ,  to  ensure a representat i v e s amp l e . 

Recommended techn i q ues for s i ze reduct i on ,  m i x i ng as we l l  as s ub­

s amp l i ng can be found i n  the  A . O . A . C . ' s  M a n ua l  of Off i c a l  Methods of  

Ana l ys i s  ( 1 980 ) .  The A . O . A . C .  a l so  recommend s subsamp l e  s i z es  rang i ng 

from 20- 1 00 g for d i fferent commod i t i es but  most s ubsamp l es of  cereal  

gra i n s  t ak e n  for ana l ys i s  of mycotox i ns we i g h 50 grams . Th i s  q u ant i ty 

i s  cons i dered s uff i c i en t  for a representat i ve s amp l e  and for s o l vent  

economy . The gra i ns  s ho u l d be comm i nuted to  an adeq uate  s i ze so that  

the  effi c i e ncy  of tox i n remov a l  i s  i mproved . 
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2 . 4 . 4 Ge nera l  Methods  of An a l ys i s  for Af l atox i n s  

When there are many samp l e s t o  b e  exami ned i n  a su rvey for af l a ­

tox i n s ,  i t  may be usefu l  to  app l y  a screen i ng test to  i dent i fy samp l e s 
for f u rther exam i n at i on .  Severa l  researchers i nc l u d i ng Sho twe l l and 

Hesse l t i ne ( 1 981 ) and B l aney ( 1 981 ) u t i l i sed the br i g ht green i s h 

ye l l ow f l uorescence techn i q u e  as a rap i d ,  q u a l i t at i ve pres umpt i ve test  

for  af l atox i ns  i n  corn . Gra i ns contami nated by  � f l avus  or A 

p aras i t i c us and af l atox i n s em i t  a B . G . Y  f l uorescence when  v i ewed under  

l o ng wave  U . V  l i ght  ( 365 nm ) . Unfortunate l y ,  the  B . G . Y .  f l u orescenc e 

i s  s omet imes due  to the presence of k oj i c  ac i d  and not af l atox i n s 

( Tu l p u l e � �. , 1 9 77 ) .  I n  ad d i t i on ,  Bothast and Hesse l t i ne ( 1 9 7 5 )  

found both fa l se pos i t i ves and fal se negat i ves i n  th e i r  eva l u at i on o f  

t h e  method o n  cerea l  gra i n s  i nc l ud i ng b ar l ey and other agr i cu l t u ra l  

commod i t i es .  Neverthe l e ss , i t  i s  t h e  mo st rap i d  method to  da te for 

i de n t i fy i ng s u spect samp l es .  

2 . 4 . A . 1  Tox i n extract i on 

As a pre l i m i n ary step , some commod i t i es are defatted wi th d i ethy l 

ether , for ex amp l e ,  pr i or t o  ex tr act i on for af l atox i n s .  Th i s  i s  

recommended espec i a l l y  for o i l seeds wi th  a fat content  greater than  5% 

( Jones , 1 9 77 ) . 

There are two bas i c  extr act i on tec h n i q ues : 

a )  Ex hau s t i ve extract i on :  The most t i me-consumi ng ; typ i c a l l y  

req u i r i ng 4-6  hours . Nabney and Nesb i tt  ( 1 96 5 )  found  t h at even 

tho ugh a l l af l atox i n 8 1  was removed i n  a 6 hour soxh l et extrac­

t i on ,  1 . 5 -2 . 0% of af l atox i n was l o st per hour extract i on .  

Ano ther d i s advan tage i s  the  pers i s tence o f  l i p i d s ,  p i gments and 

c arbohydrates at the  end of the extract i on desp i te pr i or defat­

t i ng and l i p i d  remov a l  measures . 

b )  Equ i l i br i um extract i on ( Pons  e t �. , 1 969 ) : A more effect i ve 

a nd l es s  t i me-consum i ng techn i q u e  wh i ch c an be c arr i ed out  i n  

e i ther one  of the  fo l l owi ng two ways : 

i )  S h ak i ng the  commod i ty for 1 0-30 m i n utes w i th  s o l vents ; 
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i i )  H i g h  speed b l end i ng of  the  commod i ty w i th so l vent  in  a 

War i ng B l ender for 1 - 3 m i nu tes 

Var i ou s  c omb i n at i ons  of orga n i c s o l vents can be  u sed as 

extract ants . The m i x ture i s  a l l owed to separate after ex tract i on 

permi tt i ng the  part i t i on i ng of af l atox i ns i nto  the separated organ i c  

phas e .  An added ad v antage of th i s  method i s  that  one can  comb i ne a 

l i p i d-fat  remova l  step  s i mp l y  by ad d i ng a fat-d i s so l v i ng 

so l vent  such as hexane . 

Both extr act i on method s j u s t  o u t l i ned i nvo l ved the u se  of  one or 

a comb i nat i on of  orga n i c  sol vents ( ch l oroform , meth ano l , ethano l , 

aceton e ,  benzene ) i n  wh i c h the  af l atoxi ns  are so l u b l e  ( Moreau, 1 979 ) . 
Somet i mes an aqueous so l u t i o n i s  i nc l u ded i n  the so l vent m i x ture to  

fac i l i t ate the  penetrat i on of  hydroph i l i c t i s s ues i n  order to  extract 

the toxi n s .  

2 . 4 . 4 . 2  P u r i f i cat i on and concentrat i on o f  tox i ns  

An a l ysts have a wi de cho i ce of  pur i f i c a t i on and  c l ean - u p  method s 

to remove i n terfer i ng l i p i d s ,  p i gments and other i mpur i t i es extracted 

a l ong wi th  the  af l atox i n s .  They i nc l u de : l i q u i d- l i q u i d  p art i t i on i ng 
of tox i n s  and i n terfer i ng s ubstances between i mmi sc i b l e  l i q u i d s ,  

f i l t rat i on o r  centr i f ugat i on o f  i n so l ub l e  prec i p i tates formed by l e ad 

acetate or copper carbonate , absorpt i on or phys i c a l  retent i on of 

i mpur i t i es i n  processes u t i l i s i ng absorbent mater i a l s ,  d i a l ys i s  and 

e l u t i ng so l vents  i n  co l umn or preparat i ve th i n  l ayer chromatogr aphy 

( Jones , 1 9 72 ) . 

Depend i ng on  the  method chosen  for i n i t i a l extr act i on of tox i n s ,  

a d i l u t i on or concentrat i on step  i s  req u i red i n  prepar i ng the  samp l e 

for af l a tox i n de tect i on .  Concentrat i on of  tox i ns can  be  ach i eved by 

evapor at i ng away extract ants i n  a rotary ev aporator or under  a s tream 

of n i t rogen i n  a steam or water b ath . 

2 . 4 . 4 . 3  Separat i on of components  

A l l known c hromatograph i c  method s h ave been app l i ed w i th vary i n g  

degrees of  s uc cess i n  separat i ng af l atox i n  components i n  pur i f i ed 
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extracts . The ear l y  method s favo ured paper , co l umn or gas l i q u i d  

chromatogr aphy . I n  more recent years , h i g h pres sure l i q u i d  c hroma­

t ograph i c  method s have  g a i ned popu l ar i ty but undo u bted l y  th i n  l ayer 

c h romatography i s  the most w i de l y  u sed techn i q ue ( Moreau , 1 9 79 ) . Th i n  

l ayer chromatography i s  a re l at i ve l y  easy method t h at i s  a l so  very 

effect i ve i n  separat i ng the  i nd i v i d u a l  toxi n components  ( Heathcote 

and H i bbert , 1 9 75 ) .  The av a i l ab i l i ty and versat i l i ty of  commerc i a l l y 

prepared precoated p l ates u s i ng h i g h grade absorbent mater i a l s h as 

further promoted i t s u s efu l n ess  as an a n a l yt i c a l  too l . A l so ,  where 

there are prob l ems wi th i mpur i t i es i n  extracts hav i ng s i mi l ar chroma­

t ogr aph i c  and f l u orescent propert i e s as af l atox i ns , two d i mens i on a l  

t h i n  l ayer chromatogr aphy can  b e  performed t o  effect separat i on of 

tox i ns ( W . H . O . , 1 9 79 ) . 

A rap i d  and i nexpen s i ve tec h n i q ue wh i c h the  A . O . A . C .  ( 1 980 ) has 

adopted i n  t h e i r offi c i a l proced ures , emp l oys mi n i co l umns e l u ted wi th 

s o l vent mi x tures to s eparate af l atox i ns  mo st l y i n  ex tracts of corn , 

co ttonseed and peanuts ( R omer � �. , 1 979 ) . M i n i co l umns as dev i sed 

by Hol ad ay ( 1 968 ) ,  V e l asco ( 1 9 72 ) and others are ava i l ab l e  ( R omer et 

�. , 1 9 79 ) . The m i n i co l umn tech n i q ues  can  detect very l ow l eve l s o f  

af l atox i n s .  The comb i ned Ho l ad ay - Ve l asco method for examp l e ,  can  

de tect af l atox i n l eve l s  i n  the  order of  1 0  n s g - 1  ( Sha nnon � �. , 

1 9 79 ) .  U n fortunate l y ,  th i s  commo n l y  used techn i q ue does not  separate 

af l atox i n components . 

2 . 4 . 4 . 4  Q u ant i t at i on of tox i n s  

E s t i mat i on o f  the  amount  o f  tox i n present i n  a g i ven extract c a n  

b e  ac h i eved b y  chem i c a l  or b i o l og i ca l  methods wi th the  act u a l  measure­

ment done v i s ua l l y  or by i n strumenta l  mean s .  

The f l u orescence exh i b i ted by af l atox i ns  i s  the  bas i s  for both 

v i sua l  and i n strumenta l  q u a n t i t at i on of  af l atox i n s fo l l owi ng  the i r  

reso l u t i on o n  T . L . C .  p l ates . Ear l y  methods  est i mated q u an t i t i es by 

d i l u t i on to ext i nct i on of f l u orescence ( Coomes et �. , 1 965 ) .  Another 

method i ntrod uced i n  the  1 960 • s and s t i l l  i n  use today compares samp l e  

f l uorescence wi th f l uorescence emi t ted by spots of known concentra­

t i ons  o f  af l atox i n s t andards  ( Pons  and Go l db l att , 1 969 ) . Bec ause  

v i s ua l  compar i son  i s  s ubj ect i ve ,  accuracy v ar i es accord i ng to the  
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a n a l yst ' s  ab i l i ty and  exper i e nce . E rrors i n  es t i mat i on are  c l a i med to  

be  as much  as 20- 50% ( Beckw i th and S to l off,  1 968 ; Moreau , 1 9 79 ) . How­

ever prec i s i on c an be va st l y  i mprov ed by the u s e  of f l u orodens i tomet­

r i c  or spectroden s i tometr i c  method s . I n  c ases where af l atox i ns  · a re 

separated by co l umn ch romatogr aphy, th i n  l ayer c hromatogr aphy or h i g h 

pressure l i q u i d  c hromatography, va r i o u s  i n st ruments , some w i th auto­

mat i c  record i ng dev ices  are av a i l ab l e  for sen s i t i ve and prec i s e 

q u ant i t  at i ons . 

Legator ( 1 969 ) ,  Detroy et a l . ( 1 9 7 1 ) and Moreau ( 1 979 ) h ave 

rev i ewed the many b i o l og i c a l  assays wh i c h h ave been used for detect i ng 

and q uant i tat i ng af l atox i ns . These assays meas ure tox i c  effects of 

af l atox i ns on  a range of an imal spec i es ,  m i c roorg an i sms , and ce l l and 

t i s sue cu l t u re systems . 

2 . 4 . 4 . 5  Methods  of  confi rmat i on 

I n  sp i te of  c l ean- up  and separat i on procedures , the  pos s i b l e  

presence of extr aneous , f l uorescent  mater i a l makes i t  nece s s ary to  

p erform co nf i rmatory tests  th at prov i de conc l u s i ve proof of  t he  

presence of  af l atox i n s  ( W . H . O . , 1 9 7 9 ) . 

Af l atox i n s  can be i dent i f i ed by chromatograph i ng a prev i o u s l y  

d eve l o ped T . L . C .  p l ate i n  a n  ad d i t i ona l  s o l vent system .  i'-d�l�thod  
A 

wh i c h h as been u sed for a l o ng t i me i nvo l ves the  spray i ng of deve l oped 

af l atox i n  s pots  o n  T . L . C .  p l ates w i th d i l u te ac i ds thus  c h ang i ng t he  

f l u orescence of  afl atox i n s from b l ue to  green or  ye l l ow ( Przybyl sk i 

1 9 75 ) .  The presence of  af l atox i n s  i s  ru l ed o ut  shou l d there be n o  

c o l o ur  ch ange after ac i d  treatment .  

The format i on o f  c h em i c a l  der i v a t i ves s u c h  as water ad ducts  or 

acetates by r eact i ng af l atox i n ex tracts  w i th  t r i f l uoroacet i c  ac i d  

( T . F . A . ) ,  formi c ac i d  p l u s  th i onyl c h l o r i de or acet i c  ac i d -

t h i onyl  c h l o r i de and concentrated hydroc h l or i c  ac i d  and  acet i c  

anhydr i de are recommended as re l i ab l e  confi rmatory methods  for af l a­

t ox i ns  by Jones  ( 1 972 ) a nd A . O . A . C .  ( 1 980 ) The tec hn i q ues  are r ap i d  

a nd s i mp l e  when  der i vat i z at i on i s  performed d i rect l y  o n  c hromatograms 

( Stack  et �. ,  1 9 75 ) .  Moreau ( 1 9 7 9 )  a l so l i sted other conf i rmatory 

method s u t i l i s i ng the n umerous  c hem i c a l  propert i es of af l atox i n s .  

Format i on o f  af l atox i n  der i v at i ves w i th  t r i f l uoroacet i c  ac i d  i s  
perhaps the  mos t  popu l ar method . 
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2 . 4 . 5 Mu l t i mycotox i n  An a l ys i s  

Surveys for mycotox i n s  i n  cereal  g ra i n s  have revea l ed t he  concur­

rent  presence of a m i xture of  mycotox i n  compounds ( Shotwe l l et �. , 

1 970 ; Scott , 1 9 72 ; ShotvJe l l and Both a s t , 1 9 73 ; Shreev e ,  1 976 and 

Andrews � �. , 1 981 ) .  A mass i ve n umber of a s s ays and tec h n i q u e s  

based on fund amen t a l  tox i n extr act i on procedures a nd u s i ng a v a r i ety 

of so l vent extract ants  and comb i n a t i o n s  of deve l op i n g  systems are 

av a i l ab l e  for the s creen i ng and s i mu l t aneous extr act i on of m u l t i p l e  

tox i n s .  For ex amp l e ,  G i meno ( 1 9 7 9 )  proposed a T . L . C .  method , wh i c h 

i s  c a pab l e  of de tect i ng up  to 1 6  mycotox i n s from a var i ety of commod i ­

t i e s .  Genera l l y , most mu l t i mycotox i n  methods l ac k  the sen s i t i v i ty of 

methods for t he  detect i on of i nd i v i du a l  tox i n s .  However , i mprovements  

are  cont i nuos l y  be i ng made on  mu l t i mycotox i n  detect i on tech n i q ues , the  

maj or i ty of  wh i c h c an be found i n  t he  j ourn a l s of the A . O . A . C .  

2 . 5  THE MYCOTOX I N  S I TUAT I ON I N  AUSTRAL I A  AND NEW ZEALAND 

Au stra l i a  and New Zea l a nd are two countr i es i n  the Southern  

Hemi sphere we l l - known for mycotox i coses  of domes t i c a n i m a l s 

i nvo l v i ng tox i c  s t and i ng pas ture .  Some of the  d i se ases i nc l ude  ergot­

i sm ,  fac i a l eczema , l u p i n os i s ,  fescue p o i s o n i ng and ryegrass  s t agger s ,  

o f  wh i c h fac i a l ec zema and l u p i nos i s  are  of co n s i derab l e  eco n omi c 

i mportance ( C u l veno r ,  1 9 74 ) . For many ye ars , mycotox i n s t ud i es i n  

Austra l i a  and New Z e a l and h ave concentrated on these  tox i coses , res u l ­

t i ng i n  a l arge n umber of p u b l i cat i o n s  wh i c h wi l l  not b e  d i s c u s sed i n  

th i s  rev i ew .  

Even th oug h the  st udy of mycotox i n s a s soc i ated w i th ag r i cu l t u r a l  
commod i t i es h ave  not been  i n ten s i v e ,  a few s urveys of Au s tra l i an 

c erea l s  and o t her ag r i cu l t ura l  commod i t i es h ave  demonstrat ed the  

presence of af l atox i n s ,  B 1 , B2 , G 1  and G2 ( Baseden and A l d r i c k , 1 9 70 ; 

A l i s auskas , 1 97 4 ;  Bryden  et �. , 1 9 7 5 ;  Bryden  et �. , 1 980 ; B l a ney ,  

1 98 1  and Conno l e et �. , 1 981 ) .  L i vestock  feed stuffs and compounded 

feed s of l oc a l  or i g i n  were t he  predom i n an t  commod i t i es exam i ned  i n  

t he se  s urveys . M a ny of t he se  s amp l es were e i ther v i s i b l y  mou l dy or 

water damaged . 1he  on l y  u n b i ased s u rvey was  conducted by B l a ney 

( 1 98 1 ) who found  l ow af l atox i n i nc i dence  i n  Queen s l a nd ' s  1 978  ma i ze 
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crop . Neverthe l e s s  the af l atox i n l eve l s  fou nd i n  these s u rveys cou l d  

cause economi c l o s ses throug h i n s i d i ous  effects wh i c h reduce  an i mal  

produc t i v i ty ( Bryden ,  1 982 ) . As yet no af l atox i n s  have been found to 

contami n ate  Austra l i an an i mal prod u c t s  ( Du l l ey and Ho u l i h an , 1 9 79 ) . 

Sporad i c  cases of  af l atox i cos i s  occu r i ng i n  the  re l at i ve l y  warmer 

and more h um i d reg i o n s  of Au stra l i a  have been reported ( Tab l e  2 - 7 ) .  

These d i sease  outbreak s ,  i nvo l v i ng both h o u sed and graz i n g an ima l s ,  

were the  res u l t of the  i ngest i on o f  mou l dy feed i n  a l l c a ses and i n  

the two c a ses reported by 3 a i rd ( 1 9 7 8 )  and McKenz i e  et �· ( 1 981 ) ,  the 

s heep and c a l ves were a l so under water and food stres s  i n  drought 

cond i t i on s . There are other s u s pect c ases  of mycotox i coses  where 

afl atox i n s  were i mp l i cated but not  proved to be i nvo l ved ( Bryden et 

�. , 1 980 and Conno l e � �. ,  1 98 1 ) .  I n  add i t i on ,  n umero u s  factors 

i nc l ud i ng the  comp l i c at i ons  ca u sed by d i sease  syndromes wi th  features 

s i m i l ar to afl atox i cos i s  make d i ag n os i s  of af l atox i cos i s  d i ff i c u l t  

( Bryden ,  1 982 ) .  

From the  l i m i ted data av a i l ab l e ,  i t  appears th at the  i n s i d i ou s  
effects of  afl atox i n s wi l l  be  of  far greater s i gn i f i cance  to the 

Austra l i an l i vestoc k  i nd u stry ,b .. ,.t Q ow l ev e ls and l ow i nc i dences  of tox i n 

contami n at i on of feed st uffs s ho u l d  reduce  t he  r i s k of ac u te d i sease 

ou tbreak s even  amongst  the pou l t ry and  p i g  i nd u s tr i es ( Re i chman et  

�. , 1 982 ; Bryden et �. , 1 982 ) . The exten s i ve graz i ng i nd u stry wi l l  
o n l y  be at  r i sk i n  cond i t i ons  of  drought  or d i sease .  



Tab l e  2 . 6  Reputed Cases  of Af l atox i cos i s i n  Austra l i a  

Feedst u f fs 

Impl icated 

Peanut Meal 

Sorghum 

Bread 

Maize 

Pe anut Hay 

Bread 

Peanut 

screenings 

Peanut 

sc reenings 

Sorghum 

Sorghum 

Animals 

A f fected 

Broiler 

Chicken 

Turkeys 

Dogs 

Ewes 

C a l ves 

P igs 

Pigs 

P igs 

P i gs 

Pigs 

A fla toxin levels  ( Ave raged mg kg-1 ) 

Aust ral ian 

B 1  B 2  G 1  G 2  State 

2 . 8D w .  Australia  

> 2 . DD N . S . W . 

6 . 7D Queensland 

2 . 82 D . D2 4 . 2 5 D .  D1 Q ueensla nd 

Queensland 

1 5 . DD D . 5D 1 5 . DD D . 75 Q ueensland 

1 6 . 6 7 1 .  4 7  1 D .  D D  1 .  D7  Queensland 

3 . DD 3 .  9 5  5 . 2 6 D . 9D Queensland 

0 . 1 7  1 .  D2  Queensland 
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R e ferences 

Gardi ner & D l droyd 

( 1 9 6 5 )  

H a r t  ( 1 96 5 )  

K e t t erer e t  a l .  

( 1 97 5 )  

Baird ( 1 97 8 )  

McK e nz i e  e t  al . 

( 1 981 ) 

K e t t erer e t  a l .  

( 1 982 ) 

A range of tox i ge n i c  fu ng i i nc l ud i ng s pec i e s of Aspergi l l u s ,  

P e n i c i l l um ,  F u s ar i um and A l tern ar i a  h ave been i s o l ated from Au stra l i an 

agr i cu l t u r a l  commod i t i es ( Conno l e � �. , 1 981 ; Morgan  and Hock i ng ,  

1 984 ; S ater � �· , 1 984 ; Bryden ,  1 984 ) .  B u t  the  potent i a l  s i gn i f i ­

c ance  of these  fung i i s  not k n own . The presence of af l atox i n s  i n  
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Austra l i a  i s  not  unexpected as  af l atox i ge n i c  s tra i n s of Aspergi l l u s 

f l avus are proven con t am i nants of many commod i t i es ,  part i cu l a r l y  det­

e r i orated g r a i n ,  i n  many p arts of the  country ( B aseden and  A l dr i c k , 

1 970 ; Bryden ,  et �- , 1 9 75 ; Conno l e et �. , 1 981 ) .  The presence of 

o ther tox i ge n i c fung i co u l d mean t h at there i s  a l i ke l i hood of the  

occurence of mycotox i n s other than  af l atoxi n s .  

I ndeed , Ketterer e t  a l . ( 1 982 ) reported the presence o f  1 00 �g 
k g - 1 ochratox i n  A i n  a samp l e  of sorghum gr a i n  used i n  p i g  r at i on s ,  

S u ter � � - ( 1 984 ) d etected a l ternar i o l monomethyl ether and a l ter­

n ar i o l  i n  a mou l dy sorghum l ot and B l aney et �- , ( 1 984 ) found 

zeara l enone i n  85% of the  ma i ze harves ted i n  North Queens l and . 

There are a few proven c a ses of mycotox i coses  other t h an af l a ­

toxi coses i n  Aus tral i a . One examp l e  i s  a case  of  swi ne v u l vov ag i n i t i s  

i n  V i ctor i a i n  1 937  ( Pu l l ar and Lerew , 1 937 ) .  Another i s  the  

zearal enone i n tox i c at i on of p i gs reported by  B l aney et a l . ( 1 984 ) .  
th� 

There i s  n o  doubt t h a t  i n Afuture i ncreased attent i on wi l l  be p a i d  to 

the  occurrence and s i gn i fi cance of var i ous  mycotox i n s in  Austra l i a , i n  

part i cu l ar the  Fusar i um tox i n s ,  zeara l enone and tr i chothecene s .  

The mycotox i coses  wh i c h h ave c au sed prob l ems to man and a n ima l s 

overseas have not been reported i n  New Zea l and . Even compara b l e 

outbreak s of af l atox i cos i s  as reported i n  Au stra l i a , a n e i g h bour i ng 

coun try wi th very s i m i l ar agr i cu l t ura l  pract i ces a s  i n  New Z e a l and , i s  

n ot kn own to occur i n  th i s  country .  There are a number of pos s i b l e  

exp l anat i on s ; research i n to mycotox i n  contam i n at i on of l oc a l  agr i cu l ­

tura l  commod i t i es i s  scarce ,  the  co untry i s  favo ured by m i l d  cool  

c l i mat i c  cond i t i on s  thus  red uc i ng the  r i s k of mycotoxi n format i on ,  the  

New Zea l and agr i cu l t u re i nd u s try ma i nt a i n s  h i gh hyg i ene st andards and 

New Zea l a nd ' s  l i ves tock  i nd u s try i s  predom i nant l y  pastor a l . Feed 

i nten s i ve i nd u str i e s  s uc h  as p i g  and pou l t ry prod uct i on are r e l at i ve l y  

smal l .  Neverthe l e s s ,  mycotox i n s and mycotox i co s i s  can b e  o f  economi c 

i mportance es peci a l l y  i n  re l at i on to  a n i ma l  hea l t h  i n  v i ew of expected 

expan s i on  of these  i nd u s tr i es . A l ready t he  ex i s tence of af l atox i ge n i c  

fung i h a s  been reported i n  a s u rvey by Freke and R i chardson  

( u npub l i s hed ) and from s o i l s amp l es ( Hu s se i n  1 983 ) .  
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CHAPTER 3 

THE F UNGAL FLORA OF  STORED BARLEY 



53 

3 . 1 .  I NTRODUCT I ON 

Over the  years , many stud i e s h ave i n vest i ga ted var i ou s  aspect s of 

fung i a s soc i ated wi th  bar l ey .  Most of these  i nve s t i ga t i ons  have used 

e i ther d i rect p l at i ng onto agar p l ates of s u rface or non-surface 

d i s i nfected gra i n s , or d i l u t i on p l at i ng of commi n uted gra i ns as 

method s of i so l at i on ( Tu i te and C h r i stensen , 1 95 5 ; Armo l i k  et �. , 
1 956 ; Chr i stensen , 1 963 ; Sutey and C h r i stensen , 1 963 ; C l arke , H i l l  and 

N i l e s ,  1 96 6 ,  1 969 ; F l a nn i gan , 1 969 , 1 9 70 , 1 9 78 ; Jorgensen , 1 96 9 ,  1 9 74 ; 

Harr i son and Perry, 1 9 76 ; Watson  and C ameron , 1 9 76 ; Abde l -Kader et 

�. , 1 9 79 ; Abde l - Hafez and Abde l - K ader ,  1 980 ; C l arke and H i l l ,  1 98 1 ; 

E l -Kady � �. , 1 982 ; and Abde l - Hafez , 1 984 ) . 

Unfortunate l y ,  these two method s g i ve o n l y  l i mi ted i nformat i on as 

to the compos i t i on of the b ar l ey fung a l  f l ora wi th no i nd i cat i on of 
the l oc a t i ons  of the fung i . As i t  i s  we l l known that v ar i ous  fungal  

propagu l e s occurr i ng on and wi th i n  the  gr a i n cou l d be respons i b l e  for 

i t s deter i orat i on ,  a comprehens i ve a s sessment of the n umbers and types 

of fung i occurr i ng as surface or i nterna l  f l ora can  be a very impor­

tant means of determi n i ng the cond i t i on of the gr a i n  and whether 

deter i orat i on i s  about to oc c u r .  

T h e  stud i e s reported here were concerned wi th the myco f l ora of 

l oc a l l y- grown bar l ey,  wi th empha s i s  on the chang i ng l ev e l s of funga l  

contami n at i on wh i c h oc cur du r i ng storage of  the gra i n  i n  commerc i a l 

s i l o s ,  i n  the l aboratory and o n  farms . 

The cho i c e of method s to  be u s ed for the  i so l at i on of  fung i from 

barl ey req u i res  a c l ose  l ook at the  struc t ure of a gr a i n  ( Ch apter 1 ,  

F i gure  1 - 1 ) .  Th i s  kerne l s truct ure i s  of great s i gn i f i c ance i n  the 

product i on ,  s tor i ng ,  market i ng and process i ng of the gr a i n  ( Pomeranz 

et �. , 1 978 ) and from an exper i ment a l  po i n t of v i ew ,  i t s struct ure 

wou l d a ffect the  effect i veness  of  the  se l ected fu n ga l  i s o l at i on 

techn i q ues  . 

As  has  been descr i bed i n  Sect i on 1 . 4 . 1  the rough  and r i d ged 
I 

struc t ure of the  l emma ,  t h e  cover i ng of f i ne  h a i r s  on  the  outer 

s urface and , i ndeed , the b arbed awn and h a i ry rac h i l l a  are s i gn i f i cant  
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i n  prov i d i ng exce l l ent s he l tered " h arbours " for var i ous  f unga l  

propagu l e s .  

The l oc a l  bar l ey grai n s  u s ed were character i sed by the  presence 

of a fai r l y  ' t i ght-f i t t i ng ' hu s k  s urround i ng the  act u a l  caryops i s .  A 
n arrow s p ace i s  thereby created between  h u s k  and caryops i s  ( F i g ure 3 -

1 ) . I n  s t udyi ng the  f u n ga l  f l ora  of s uc h  gr a i n s ,  i t  i s ,  t h erefore , 

u s efu l t o  d i f feren t i ate between f u ng i found on the  outer s u rface of 

t he  gra i n ,  wh i c h  may represent on l y  tran s i ent  surfac e con tami nants , 

and those  on  the  ' i n s i de '  of t h e  gra i n ,  where favourab l e  cond i t i on s  

m i g ht l e ad to  extens i ve deve l opment  o f  myce l i um wh i c h cou l d  be  re l ated 

t o  gr a i n deter i orat i on and l ater t o  t h e  product i on of mycotox i n  wi th i n  

t he  gr a i n .  The fung i present i n  t he  sp ace between h u s k  and caryop s i s  

( i nc l ud i ng fung i  on t h e  i n s i de s u rfac e of the  h u s k ) co n s t i t u te  what i s  

d i fferen t i ated i n  th i s  st udy as f u ng i  ' i n s i de ' the grai n .  
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F i gure 3- 1 : S i mp l i f i ed struct ure of  a b ar l ey k er n e l  showi ng l oc at i on 

of the  d i s t i nc t  areas of myco l og i c a l  i nteres t  

k------Outs i d e mycof l ora  
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3 . 2 . 1 . 1 . So urces of  s amp l es 
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A .  Gra i n at Harves t :  The b ar l ey gr a i n  samp l ed at harve st was from 

the Febru ary-March  1 981 crop ,  from farms l ocated ma i n l y  i n  the  

Man awat u reg i on of  the North I s l and of  New Zea l a nd . Act u a l  s ampl i n g 

( techn i q u e  and q u ant i ty to be  d i sc u s sed l ater ) was carr i ed out  on  the  

premi ses  of two major  feed mi l l s to wh i ch the harves ted gra i n  h ad been 

tran sported immed i ate l y  after h arvest . Upon arr i v a l  at the mi l l s , the 

gr a i n  was checked for mo i s t u re content , and dr i ed i f  necess ary before 

storage . Forty percent ma l a th i on [ 5 - ( 1 , 2 - d i - ( ethoxyc ar bary l ) ethy l ) 

d i methyl  phosphoroth i o l oth i on ate]  was sprayed on the  gra i n  at the rate 

of about  1 l i tre per tonne of gra i n as i t  was be i n g  l o aded i nto the  

s i l o s .  The sources  and codes ap p l i ed to the samp l es are tabu l ated i n  
Tab l e  3 - 1  ( p p .  7 0 - 7 1 ) .  l me1. Q 
B .  Gr a i n Stored i n  Commerc i a l S i l os :  M i l l  A stored bar l ey i n  3A s i l o s 

each  of  3 50 tonnes capac i ty .  The temperature of storage was between  

1 1 - 1 4°C .  S i l o  1 was not aerated wh i l s t s i l o s  2 and 3 were aerated 

wi th  an  a i r  extractor attac hed to the bases  of the  s i l o s .  

M i l l  B stored grai n i n  sea l ed concrete s i l o s of 1 , 0 50 tonnes 

c a pac i ty .  The s i l o s were l i nked to computer i sed a nd au tomated 

contro l s for mon i tor i ng s i l o  cond i t i on s .  The s i l o s  were a l l aerated 

a nd a l t h o ugh the temperat ure of the gra i n b u l k var i ed a l o n g  the l ength  
of  t he  s i l o s ,  a n  average temperature of  no more t h a n  1 5 . 5°C was 

ma i n t a i ned .  Mo i sture content  of t he  gra i n was ma i nt a i n ed at 1 2- 1 3% .  

The stored bar l ey was samp l ed from both mi l l s after 4 - 5  mon ths of 

s torage and ag a i n  at 9 - 1 0 month s of storage . U n fort u n ate l y , i t  was 

not poss i b l e  to d i rect l y  re l ate s amp l es co l l ected after storage to 

any p art i cu l a r s amp l e  wh i c h  h ad been obt a i ned at h arvest  t i me .  

C .  L ab oratory-s tored Gra i n :  

s tored i n  s ea l ed po l yth ene 

temperature ( 1 2 . 5  - 20°C )  for a 

Samp l es obt a i n ed ' at h arvest ' were 

bag s i n  the l aboratory at amb i en t  

per i od o f  9 mon th s .  

A s i mi l ar q u an t i ty of s amp l e  i n  sea l ed ,  doub l e- l ayered brown 

b ag s , was kept  i n  a co l d  room at a constant  temperature of 4°C .  
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D .  F arm- s t ored Gra i n :  B d r l ey,  a l s o  from the  l ate s ummer/ear l y  aut umn 

( Febru ary-March ) harvest  b u t  s t ored o n - f arm for 5 - 6  month s ,  was a l s o 

s amp l ed .  The  farm- s t ored gr a i n  was  e i th er home-grown crop or h ad been 

bought  from the  mi l l s .  The gr a i n was s tored i n  s e a l ed met a l  s i l o s 

v a ry i ng i n  c apac i ty from 50-200 t onnes . Few  of the  farm s i l o s h ad 

aerat i on sys tems ( Tab l e  3 - 1 [ d ] ) . 

3 . 2 .  1 . 2 .  S amp l i ng of gr a i n 

A .  Samp l es a t  Harves t :  G r a i n c o l l ected at h arvest  from M i l l  A was  

o bt a i ned u s i ng a probe to  s amp l e  the  bu l k  l o ad i n  truc k s  arr i v i ng at  

the  mi l l .  Gr a i n  from M i l l  B was ' s tream '  s amp l ed as t h e  gr a i n  was  

empt i ed from t r uc k s  i n to  s t orage h o l d s  from where i t  was  pumped i nto  

s i l o s .  S amp l es we i g h i ng between  1 . 0 - 5 . 0  k g  were  s e a l ed i n  e i ther  

p o l ythene bags  or do ub l e-wa l l ed brown p aper bag s for  transfer to the  

l a boratory .  

I n  t h e  l a boratory ,  t h e  g r a i n was  i mmed i at e l y  s u b s amp l ed for 

exam i nat i on ( see  be l o w ) a nd the rema i nder  d i v i ded for l aboratory 

s t o r age s t u d i e s as  fo l l o ws : 

i ) I f  t he  b u l k s amp l e  we i g h ed about  1 . 0 k g  i t  was d i v i ded  i n to 2 

eq u a l  port i on s  and eac h was p l aced i n  a po l yt hene  bag and se a l ed .  One  

b ag was  s t ored i n  t h e  c o l d a nd the  oth er  at  room t emperat u r e .  

i i ) Where a b u l k s amp l e  we i g hed more t h a n  2 . 0  k g  i t  was  s p l i t  

i n t o  2 eq u a l  port i on s  and  one  port i on was  h a l ved yet ag a i n .  One  h a l f  

o bt a i ned from the  s econd  s t ep was  s e a l ed i n  a pol ythene  bag for stor­

age at room temper at u r e . The  other h a l f was  comb i n ed wi th  the  f i r st  

( h a l ved ) port i on ,  sea l ed i n  brown p aper b ag s  a nd  s tored i n  t h e  co l d .  

B .  S i l o - s tored G r a i n :  S amp l es of s i l o - s t ored gr a i n at  both  m i l l s 

were obt a i ned a s  th e gra i n  was  removed for proc es s i ng .  Stream 

s amp l i ng a t  per i od i c  i n terva l s from s hu te s  carry i ng t h e  gra i n  o ut  of 

the s i l o s  was  u s ed to obt a i n  ' poo l ed ' s amp l es of  2 . 0 - 5 . 0  kg  e ac h .  

T h e  gra i n  was  s e a l ed i n  bags  for t r an sfer t o  the  l aboratory .  

c .  F arm S amp l es :  Two k g  s amp l es were obt a i n ed from t h e  u pper  gr a i n 

m a s s  of  each  farm s i l o .  Before each  s amp l i ng ,  t h e  gra i n  cont a i ned i n  
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a n  area approx i mate l y  1 . 0 m2 by 30 cm deep was  thorough l y  mi xed . I n  

o n e  c a s e  ( S amp l e  No . F 8 , Ta b l e  3 - 1 ) ,  gra i n  was  col l ected from t h e  

s hu te .  A l l t h e  co l l e c t ed s amp l es were t h e n  i nd i v i du a l l y  bag ged a n d  

s ea l ed .  

3 . 2 .  1 . 3 .  S u b-s amp l i ng i n  l aboratory 

S u b - s amp l i n g o f  e ac h  s amp l e  i n  t h e  l a bora tory began  w i th t horough  

m i x i ng o f  the  gr a i n s i n  l arge g l a s s  f l ask s .  Gra i n  s amp l es we i g h i ng 

a bo ut 1 . 0 k g  were s ub- s amp l ed as  a who l e .  T h o s e  we i g h i ng i n  excess  o f  

1 . 0 k g  were h a l ved and  h a l ved ag a i n ,  i f  nece s s ary,  u nt i l a port i on 

we i g h i ng about  1 . 0 k g  was  obt a i ned for s u b- s amp l i n g .  

Tr ays wi th  ho l d i ng c apac i t i es o f  1 . 0 k g  a nd 0 . 6  k g  were u s ed for  

s u b - s amp l i ng accord i ng to  the  we i ght of t h e  gr a i n  to  be  s u b- s amp l ed 

( F i g ure 3 - 2 a ) . 

The  gr a i n  from each  s amp l e  was poured i n to  the s e l ect ed t r ay 

u n t i l i t  was f u l l .  The  gr a i n was  l eve l l ed off and 5 f l a t - b ottomed 

t u bes  ( vo l ume = 53 cm3 eac h )  were pus hed i n to the tray of gra i n  a s  

i l l u s t r a ted i n  F i g u r e  3 - 2 a .  T h e  l oose  gr a i n  w a s  poured out  o f  t h e  

t r ay carefu l l y  i n  s uc h  a manner  t h a t  t h e  t u b e s  and con tents  were 

r e t a i ned . 

Gra i n  h e l d i n  t h e se 5 t ubes  was  then  pou red i n to a sma l l s t er i l e  

s t eel  d i s h ,  l eve l l ed and anoth er  s i m i l ar t u be p u s hed i n to the  centre  

o f  the  gr a i n  mass  ( F i gu re 3- 2 b ) . The  l oo s e  g r a i n i n  the  d i s h w a s  

empt i ed o u t  and t h e  gr a i n tr apped i n  t h e  t u be w a s  t r a n sferred to  a 

s t er i l e  g l a s s  bot t l e w i th  a t i g h t -f i t t i ng s c rew cap .  The proc e d u r e  

j u st de s c r i bed w a s  r e pe ated twi c e  more ,  u s i ng t h e  gr a i n empt i ed o u t  o f  

t h e  d i s h e a c h  t i m e .  I n  th i s  m a n ner a compo s i te s amp l e  we i g h i ng a bout  

2 50 g was  dr awn from t h e  or i g i n a l  s amp l e .  

Th i s  compos i te s amp l e  was  i mmed i ate l y  m i xed  and 2 l ot s  o f  5 . 0  g 

a nd 3 l ot s  of 1 . 0 g were a c c u rate l y  we i ghed  out  i n to  ster i l e  1 oz  

u n i v e r s a l  sc rew- c ap ped  bot t l e s  for  act u a l  exper i me n t a l  p urpo s e s . 

G ra i n rema i n i ng after  t h i s  l a s t  r a ndom s amp l i ng step was  s tored i n  t h e  

t i g ht l y- c apped bott l e i n  the  c o l d .  
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A l l the  c o n t a i ners and  ot her  apparatus  u s ed were thorou g h l y  

c l e aned and s t e r i l i sed by autoc l av i ng o r  by swabb i ng the  s u rfaces  w i t h  

95% eth ano l  between s u b- s amp l i ng each  b ar l ey s amp l e .  



F i gure 3 - 2 : Apparatus  for s ub- s amp l i ng i n  t h e  l aboratory 
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3 . 2 . 1 . 4 .  Mo i s t u re c o n t e n t  of s amp l e s 

A .  Mo i s t ure Content  R ec orded P r i or to  Storage : Tab l es 3- 1  ( a ) , ( b ) , 

( c ) ,  ( d )  s how the  mo i s t ure content  of gr a i n me a s u red by m i l l  perso n n e l  

a n d  by i nd i v i du a l  farmers  before the  gr a i n  was  l o aded i nt o  t h e  s i l o s . 

B .  L ab oratory Determ i n a t i ons : Fo l l ow i ng s ub- s amp l i ng of t h e  g r a i n  

s amp l es i n  t h e  l a boratory,  the i r  mo i s ture  content  was determ i n ed u s i ng 

a method ad apted from the Ame r i c a n  As soc i at i o n of Cere a l  Chemi s t s ,  

methods  44- 1 5A and 44- 1 9 .  ( 1 9 76 ) . 

Rep l i c ate s u b- s amp l e s of  each  b ar l ey s amp l e ,  we i g h i ng 5 g eac h ,  were 

u s ed for mo i s t ure d e t ermi nat i on s . The method u s ed determ i nes  mo i s t u re 

content  as  l o s s  i n  we i g ht of  a s amp l e wh e n  h e ated u nder  spec i f i c 

cond i t i on s .  

i )  Apparatus  u s ed :  

1 .  Beam b a l a nc e s  w i t h  ac c u r ac i es up  to 4 dec i m a l  p l aces . 

2 .  Oven ( gr av i ty convect i on )  eq u i pped w i th a t h e rmometer 

c apab l e  of  read i ng up to 300°C .  T h e  th ermometer was kept  

j u st  above  the  dryi ng d i s he s  and  the  temperature  co u l d  be  

read t h roug h the  oven ' s  g l a s s  w i ndow .  The temper a t ure of 

t h e  o v e n  v a r i ed by not more  t h a n  7°C from the  set  

temper a t u re . 

3 .  Mo i s t u re d i shes  made of a l umi n i um ,  covered by p i eces  of 

t i nfo i l .  E a ch  d i s h and f o i  1 was  l abel l ed w i t h  the s ame 

n umb e r . 

4 .  A i r- t i g h t  g l a s s  de s i Lcators  c o n t a i n i ng concentrated H2so4 
as  d ry i ng agent . 

i i )  Proced u r e : 

1 .  D i s he s  w i t h  the i r  correspond i ng t i nfo i l cov e r s  were dr i ed 

overn i g ht  at 1 30°C .  T h ey were  then t r an sferred to 

d e s i c c a t o r s ,  a l l owed to cool  to room temperature ( a bout  1 

hour ) a n d  t h e  we i g hts  o f  d i s he s  a nd fo i l s  were 

i nd i v i du a l l y  reco rded w i t h  a beam b a l anc e .  

2 .  E a c h  5 g g ra i n s amp l e  was p l aced  i n  a separate  d i s h .  The  

u nc o v ered d i s hes  were l i n ed u p  w i t h  t h e i r  res pect i ve 

c o v e r s  i n  a preheated oven  at  1 35°C .  Dry i n g  of t h e  g r a i n  
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took 2 hours from t h e  t i me the oven temperature ret urned 

to and sett l ed at about  1 35°C .  

3 .  At the  end of t h e  2 hou rs , the  cov ers  were p u t  back  on  

t h e i r res pect i ve d i s hes , the  covered d i s h e s  t r ansferred 

to a de s i c cator a nd a l l owed to  coo l  to room temper ature . 

4 . I nd i v i du a l  we i g h t s  of  cove red d i s he s  and gra i n  were 

o bt a i ned and the l o s s  i n  we i g ht ca l c u l a ted . 

The mo i s t u re content  of  eac h 5 g of gra i n  was  c a l cu l a ted 

app l y i ng the  fol l ow i ng formu l a : -

l os s  i n  we i ght  ( = l os s  i n  mo i s ture ) 

% mo i s t u re = we i g ht of s amp l e  X 1 00 

5 .  A l l t h e  d i s hes were p l aced back  i n  the  oven  to  dry at a 

s t eady temperature  of  1 3 5°C for a further 1 h o u r .  The  

d i s h e s  were 

temper ature  

aga i n  coo l ed i n  

and mo i s t ure content 

a des  i c. c ator 

c a l cu l a ted 

to  

from 

l o s s e s  i n  we i ght  a s  s e t  o ut  i n  the  prev i ou s  step . 

room 

the  

The mo i s t ure  content  l i s ted for  eac h s amp l e  i n  T a b l es 3 - 1  

( a ) , ( b ) , ( c )  a n d  ( d )  were t h e  averaged mo i s t u re contents  

of d u p l i c ate  s amp l e s obt a i ned after 3 hours  of  dry i ng . 



F i g u re 3-3 : 

NSS 

S ummary of Tot a l  Co unt i ng 

s ter i l i sed gr a i n ( n . s . s . 
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Tech n i q u e  for n o n - s u rf ac e  

tota l  count s )  a n d  s urface-

s t e r i l i sed gr a i n ( s . s .  " i n s i de "  cou n t s ) - see  tex t .  

1 . 0 g g r a i n  

ss / f-(--1 0 cm3 1 00% N aOC l 

1 0  ster i l e  

beads  Sh ake  1 m i n 

f--
1 5  cm3 ster i  1 e 

H
2

0 each  t i me 

W a s h  1 6  t i mes  � 1 0  cm3 s t e r i l e  water 

P l a te  d i l u t i on s  �(----- S h ak e  20 m i n ) P l ate  d i l u t i on s  

( P DAX , 25°C ,  37°C )  ( P DAX , 2 5° , 37°C )  

( A )  



F i g u re 3- 3 ( co n t i n u ed ) 

Res i d u a l  g r a i n  

Wa s h  4 t i mes 

Dry on s t er i l e  f i l t er  papers  

t 
Oeh u l l a sep t i c a l l y  

� 
C aryop s e s  

� 
( 1 0  bead s ,  -----.:>J 

1 0  cm
3 

s t er i l e  H20 

H u s k s  

6 4  

1 5  cm
3 

s t er i l e  

H2o e a c h  t i me 

P l ate  d i l u t i ons  �---- S h ak e  20  m i n  ----)� P l ate  d i l u t i ons , 

( PDAX , 2 5° , 3 7°C )  ( PDAX , 25° , 3 7°C )  

( B )  ( C )  

T o t a l  count  = A + B + C 

I n s i de count  = B + C 

Outs i de c o u n t  = T o t a l  - ( B  + C )  
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3 . 2 . 2 .  Mycof l or a  o f  B a r l ey Gr a i n s  

T h e  mycof l ora  of e a c h  b ar l ey s amp l e  was  exam i n ed b y  i nd i v i du a l l y  

a n a l ys i ng t r i p l i cate l ot s  o f  1 . 0 g gra i n s  fo l l owi ng  the  s ch eme 

de s c r i b ed i n  F i g u re 3 -3 .  

3 . 2 . 2 . 1 .  Tot a l  v i ab l e  counts  

A .  Wh o l e Gr a i n :  The  t o t a l  c o u nt i ng techn i q ue  u s ed i n  these  s t ud i es 

( F i g u r e  3-3 ) i nvo l ved s h ak i ng 1 . 0  g gr a i n  i n  1 0  cm3 
ster i l e  d i st i l l ed 

water  wi th 1 0  s ter i l e  g l a s s  bead s for 20  m i n utes  o n  a rec i proc a t i ng 

s h ak e r  w i th a 1 cm th row , 5 t h r ows a second . 

i .  D i l u t i on P l at i ng and  Coun t i ng :  The  prepar at i on was  s h ak e n  
* 

v i gorous l y  on  a " S u per-m i xer "  for 1 5  second s ,  afte r  wh i c h 

1 . 0 cm
3 

of the  s u pernatant  was  i n s t a n t l y  and  a sept i c a l l y  

tran sferred t o  9 . 0  cm
3 

s ter i l e  d i s t i l l ed water . Depend i ng 

on the  cond i t i on of  t h e  g r a i n ,  a s e r i e s  of d i l u t i on s  rang i ng 
- 1 - 5  from 1 0  to  1 0  was  s i m i l ar l y  prepared . W i th  t h e  excep-

t i on of mo u l dy s amp l e s , d i l u t i on s  of u p  to 1 0-2  of s u per-

natant  were s uffi c i en t  to g i v e s a t i sfactory t o t a l  count s . 

I mmed i ate l y  befor e  each  t r a n sfer  of s u spe n s i on i n  the  

d i l u t i ng proc e s s , t h e  s u s pen s i on was br i s k l y  s h ak e n  for 1 5  

seconds  to thoroug h l y  m i x  s u s pended  mater i a l s  and to  en s ure  

no  s ed i mentat i on .  

Tr i p l i c ate 1 . 0 cm
3 

q u ant i t i es of neat  s u pernatant  and  d i l u ­

t i o n s  were asept i c a l l y  p l ated out  for each  s amp l e fo l l ow i ng 

v i gorous  m 1 x 1 ng .  The d i l u t i on s  were  p l aced i n  ster i l e  pet r i  

d i s he s , qu i c k l y  fo l l owed by 1 5- 1 8  cm
3 

of mol t e n , warm potato  

dextrose  agar  + 0 . 05 mg/cm
3 

ch l o r amph en i co l  ( PDAX ) . The  

contents  were  c aref u l l y  m i xed to  u n i form l y  d i s t r i b u t e  s u s ­

pended mater i a l s b y  g e n t l e sw i r l i ng a n d  l eft t o  s e t  at  room 

temperature .  

One  p l at e  of neat  s u pernat a n t  was  i nc u b ated at  3 7°C and a l l 

t h e  other  p l ates  wer e  i ncu b at ed at  25°C ,  i n  t h e  d ar k . They 

were fi r s t  e x am i ned o n  t h e  s econd  day of i nc u b at i on ,  and  

c o u n t s  of p l ates  w i t h  20 to  200 co l on i es were  recorded on  

* S uper-m i xer , L a b - L i ne  I n s tr ument s  I n c . , U . S . A .  



66 

the  3rd , 4th and 6th days of i nc u b at i on .  Su i t ab l e  co l on i es 

were s e l ected  from a l l t h e  p l ates  and s ubc u l tured and ma i n ­

t a i ned o n  s l opes  and p l ates  of P DAX for i dent i f i c at i on a s  

s e t  o u t  i n  Sect i on 3 . 2 . 2 . 5 .  F u ng a l  co l o n i es were tr ansfer­

red to  fr e s h  P DAX p l ates  for i den t i f i c at i on .  

B .  C aryops i s  and H u s k s : After p l a t i ng t h e  s up ern atant from t h e  

2 0  m i n utes  o f  s h ak i ng ,  t h e  s u per n atant  was  d i s carded a n d  t h e  

gr a i n s was hed 4 t i me s  wi t h  1 5 . 0  cm
3 

of s t er i l e  d i s t i l l ed water 

t i me .  The  gr a i n s  were  then  soaked  for a m i n i mum o f  4 h o u r s  at 

befor e  they were dehu s ked a sept i c a l l y  w i t h  s t er i l i sed forceps  

f i r s t  

who l e  

e ac h  

4°C ' 

i n  a 

c a b i net  prev i ou s l y  s t er i l i sed by u l t r a- v i o l e t l i g h t  i rr ad i at i on for 1 

hour . 

i .  D i l u t i on p l at i ng and cou n t i ng :  The  h u s k s  and  c aryop s es we re  

put  i nt o  s eparate ster i l e  o z  s c rew- cap ped u n i ver s a l  

bott l e s .  Wh en  a l l g r a i n s  i n  t h e  1 . 0 g s amp l e were  dehu s ked , 

1 0  s t e r i l e  g l a s s  bead s and 1 0  cm
3 

of  ster i l e  d i s t i l l ed water  

were a sep t i c a l l y  ad ded to  each  u n i v e r s a l  bot t l e .  T he  h u s k  

and caryops i s  fr act i ons  we re  sep arat e l y  s h ak e n  and t h e  

s upern atant s  p l a ted , and s ub sequent  co l o ny c o u n t s  made a s  

o u t l i ned i n  S ect i on 3 . 2 . 2 . 1 A .  

Th i s  meth od c a n  thu s g i ve the  t o t a l  v i ab l e cou n t  per  gr am of  

g r a i n by s i mp l e  add i t i on of t h e  aver aged counts  for  e a c h  

fract i on o f  gr a i n .  

3 . 2 . 2 . 2 .  V i ab l e  c o u n t s  i n s i d e gra i n  

By repea t i ng  t h e  method wi th  a s i m i l ar q u ant i ty of gr a i n ,  b u t  

t h i s  t i me s ubj ect i ng i t  t o  s u rface s t e r i l i s at i on before t h e  f i r s t  

s h ak i ng step  ( as s hown on  t h e  r i g ht s i de of F i g u re 3 - 3 ) , c o u n t s  o f  t h e  

i n s i de myco f l o r a  c a n  be  made b y  add i ng t h e  aver aged d i l u t i on p l a t i ng 

r e s u l t s of h u s k s  and caryopses . 

The  ad d i t i on a l  s urfac e s t er i l i s a t i o n  step  men t i oned i n  t h i s  

s ec t i on i nv o l ved  s h ak i ng t h e  gr a i n w i t h  1 0  cm
3

, 1 00% s od i um 

hypoc h l or i te s o l u t i on i n  t h e  presence  of  1 0  ster i l e  g l a s s  bead s ,  for  1 

m i n u t e .  The  N aOC l s o l u t i on was  i mmed i ate l y  d i s c arded and t h e  gr a i n s 
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w a s h ed 1 6  t i me s ,  us i ng 1 5 . 0  cm
3 

ster i l e  water and gent l e  ag i t at i on 

eac h t i me .  

3 . 2 . 2 . 3 .  V i ab l e  counts  ou t s i de gr a i n 

Th u s ,  w i th the  k n ow l e d ge of t h e  tota l  v i a b l e  c o unt and the tot a l  

i n s i de co u n t , a comp l ete  count  f o r  t h e  outer  s u rf ace on l y  can  b e  

comp u ted from t h e  d i fferenc e b etween  the  two counts  j u st ment i oned . 

3 . 2 . 2 . 4 .  F u ng i of bar l ey fr act i ons  

S u per n at ants  l eft after  d i l u t i on p l a t i ng of h u s k s  and c a ryop s e s  

f r om both s u rface ster i l i sed ( s . s . ) and n o n - s u rface ster i l i sed 

( n . s . s . )  g r a i n s  were d i sca rded . The  b ar l ey t i s s u e s  from each  s amp l e 

were  separat e l y washed 4 t i mes w i th  1 5  cm3 
s t er i l e  d i s t i l l ed water  

e ac h  t i me i n  p reparat i o n for  c u l t u r i n g  and m i croscopy .  

A .  C u l t ur i ng of Ti s s ue s : H u s k s  - Ten p i eces  of h u s k  t i s s ue were 

p i c ke d  u p  w i th ster i l e  forceps , d r i ed on s ter i l e  f i l t er  paper  and 

p l ated on P DAX . F i ve p i eces  were  p l aced w i th  t he i r  upper  s urfaces  i n  

c o n t act w i th  t he  ag ar  a nd the  rema i n i ng 5 p i eces  we re p l ated wi t h  

t h e i r  i n ner s u rfaces down on  t he  agar  s u rfac e .  

C aryopses - F i ve who l e  f r act i on s  were  c a ref u l l y  dr i ed o n  ster i l e  

f i l t e r  paper  and p l ated on P DAX ag ar . 

A further  2 who l e c a ryop s e s  were s i mi l ar l y  d r i ed and then  sec­

t i oned l o ng i t ud i n a l l y .  Th i n  t r ansverse  sect i ons  were a l s o  made fr om 

anoth er 2 who l e c a ryo p s e s . A l l s ect i on i ng was  d one by h and u s i ng a 

s t e r i l i s ed s c a l pe l  for  each  c u t . The  l o n g i tud i n a l  s ect i on s  were 

p l a t ed w i t h  t he i r cut s urfaces  on  t he  PDAX p l ates  wh i l s t t he  trans­

v e r s e  sect i on s  were c arefu l l y  l a i d  on  s i m i l ar a g a r  p l ates . 

Al l t h e  p l ates of h u s k s  and c a ryopses  were  i nc u b ated at 2 5°C and 

exam i ned a t  t he  s ame t i me as  the d i l u t i on p l ates . Any fung a l  growth 

f r om these  t i s s ues  w a s  t r ansferred to  fre s h  P DAX p l ates  to awa i t  

i de n t i f i c a t i on .  



B .  M i c r oscopy of T i s s ues : 

s t a i ned i n  a n i l i n e b l u e ,  

68 

P i eces  of was h ed l emma and p a l e a  were 

or 1 actopheno 1 cotton  b 1 ue  pr i or to 

m i c roscopy of th e i r  i n n e r  and  outer s urfaces . 

Mi c r o s co py of s t a i ned sect i on s  of caryo p s e s  were c ar r i ed o u t  o n l y 

a fter  s often i ng of t h e  t i s s ues  wi t h  1 5% pot as s i um hydrox i de .  

3 . 2 . 2 . 5 .  I dent i f i c at i on a nd  ma i n ten ance  of c u l t u re s  

F u n g i s ubcu l t ured from d i l u t i on p l ates  were  i dent i f i ed t o  g e n u s  

a nd wh ere  pos s i b l e  to  s pec i es accord i ng t o  t h e i r c u l t u r a l , macrosco p i c  

a nd m i crosco p i c  c h ar ac t er i s t i c s  w i th  the  a i d  of i dent i f i ca t i on c r i ­

t er i a  s e t  o u t  i n  a n umb er of book s i nc l ud i ng :  G i l man  ( 1 95 7 ) , 

C a rmi c h a e l  ( 1 962 ) ,  R aper  and Fen n e l l ( 1 965 ) , B a r ron ( 1 968 ) ,  Raper  a nd  

Thom ( 1 96 8 ) , Tous son  a nd N e l s o n  ( 1 968 ) , Smi t h  ( 1 969 ) ,  Booth ( 1 9 7 1 ) ,  

E l l i s ( 1 9 7 1 , 1 9 76 ) , B a r nett  and  Hu nter ( 1 9 72 ) ,  P i t t ( 1 97 9 )  a nd  

McG i n n i s  ( 1 980 ) . 

P ro l o nged i nc u b a t i on on  P DA ,  c u l t u r i n g  o n  M a l t S a l t aga r ,  C z apek  

Dox  ag a r  ( C DA ) , S abouraud  Dex trose  agar  ( SDA ) , H ay I nf u s i on aga r  at  

2 5°C and  3 7°C were  s ome of  the  tec h n i q u e s  u s ed to i nd uce  spore  

format i on by  non - s por u l at i n g c o l o n i es i n  order  to fac i l i t ate th e i r  

i den t i f i c a t i on .  

F u n g a l  c u l t ures  i s o l a ted onto  P DA from d i l u t i on p l ates  and bar l ey 

f r act i on s  were ma i n t a i n ed on  P DA ,  C DA a nd SDA  a nd these  c u l t ures  wer e  

s t ored i n  t h e  co l d a nd a t  r oom temperature . They we re s u bcu l t u red 

o n to fre s h  med i a  every s i x  month s .  
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3 . 3 .  RESULTS 

3 . 3 . 1 .  Mo i s t ure  Con tents  

Tab l e  3 - 1 ( a ) s hows th at for  t h e  e i g h t  fres h l y- h arve s t ed b ar l ey 

s amp l e s gener a l l y  t h e  mo i s ture  contents  ( M . C . ) reported by t h e  m i l l s 

were i n  c l o se agreement w i t h  t h o s e  obt a i ned by l aboratory 

determi n at i on .  I n  commerc i a l s i l o s ,  the  M . C .  of t h e  gra i n  was  about  

t h e  s ame after 5 month s '  storage  ( average M . C .  of 1 2 . 68% com p ared w i t h  

1 2 . 8 1 %  at  h arvest ) , b u t  M . C .  decrea sed to an  average  o f  1 1 . 9 2% after a 

f u rther  4 month s  i n  s torage ( Ta b l e 3 - 1 [ b ] ) . The M . C .  of g r a i n kept  i n  

the  c o l d for 9 month s was approx i mate l y  t h e  s ame a s  t h a t  o f  t h e  gr a i n  

a t  harv e s t  ( T ab l e  3- 1 [ c ] ) , b u t  tho s e  s amp l e s k e p t  at amb i ent  tempera­

ture  d i s p l ayed a decrease  i n  ave r ag e  mo i s t ure  l ev e l  ( aver aged  M . C .  

1 2 . 03% ) s i mi l ar to t hat  observed w i th  s amp l es s tored i n  commerc i a l 

s i l o s fo r the  s ame per i od ( Tab l e  3- 1 [ c ] ) . 

O n  th e farms , the  report ed M . C . ' s  were genera l l y  h i g her  t h an 

those  e s t i mated i n  t h e  l a borato ry b u t  i n  t h e  c a s e  of Samp l e  F 1 , wh i c h 

s howed o b v i o u s  s i gn s  of s p o i l age , the  M . C .  was  h i gher  after  storage  

t h an at  the  t i me of harve s t .  A l s o ,  gr a i n tended to  be h a rves ted and 

s t ored at h i gher  m o i s t ure l eve l s on the farms t h a n  those  k ept i n  t he  

m i  l l  s .  



T ab l e  3- 1 :  Mo i s t u re content  and cond i t i on s  of b a r l ey samp l es 

a )  Gr a i n  a t  h arvest  

# 
Samp l e  Mo i sture  Content  ( MC ) Mo i s ture  C o n tent  ( MC )  Cond i t i on 

S o urce Code A ( % )  B ( % )  o f  s amp l e 

M i l l  A A 1  

A2 

A3 

A4 

M i l l  B B 1  

B 2  

B 3  

B4  

Abo u t  1 2 . 00 

1 4 .  1 0  

1 2 . 00 

1 3 . 1 0  

1 2 .  1 0  

1 3 .  1 0  

1 2 . 79 

1 2 . 63 

1 2 . 5 3 

1 3 . 96 

1 2 . 07 

1 2 . 47 

1 2 . 9 1 

Average  MC = 1 2 . 8 1 

Good* 
" 

" 

" 

1 1  

" 

" 

" 

70  

* Good c o n d i t i on = gr a i n s were  c l e a n ,  good q u a l i ty ,  no obv i ou s  

i nfe s t at i ons . 

b )  Gr a i n  s tored  i n  c ommerc i a l s i l o s for 5 months  

S t or age 5 mth s  

S ource  Code  MC ( B )  % 

M i l l  A A5* 1 3 . 44 

A6 1 2 . 1 4  

A7  1 1 . 64 

M i l l  B B 5  1 3 . 37 

B 6  1 2 . 6 7 

B 7  1 2 . 28 

B 8  1 3 . 22 

Average  = 1 2 . 68 

Storage  9 mth s  

C ode MC ( B )  % 

A8 1 3 . 34 

A9 1 1  . 76 

B9 1 1  . 7 1  

B 1 0  1 1 . 78 

B 1 1 1 1  . 7 5  

B 1 2 1 1 . 75 

Aver age = 1 1 . 92 

# M .  C . : A and B ,  refer t o  bot tom of p .  

Cond i t i on of s amp l e  

S l i g ht weev i l  

i n fes t at i on ,  h eated 

Good 

Good 
" 

" 

1 0  

* S i l o  1 - not  aerated 

7 1 . 
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c )  Gra i n s t ored 9 months � c o l d and � amb i ent temperat ure  i n  t he 

l aboratory 

S torage  at amb i ent temp . 

Source Code  MC ( B ) % 

M i  1 1  A 

M i  1 1  B 

A 1  

A2 

A3 

A4 

B 1  

B 2  

B3  

B4  

1 2 . 1 8  

1 1 . 58 

1 1 . 7 5 

1 2 . 08 

1 2 . 76 

1 1 . 53 

1 1 . 63 

1 2 . 69 

Average = 1 2 . 03 

Storage i n  c o l d 

Code MC ( B ) % Cond i t i on o f  s amp l e  

A1 

A2 

A3 

A4 

B 1  

B2 

B3 

B4 

1 2 . 47 

1 2 . 9 7 

1 1 . 36 

1 1 . 45 

1 2 . 1 5  

1 2 . 24 

1 2 . 05 

1 2 . 53 

Average = 1 2 . 40 

Good 
1 1  
1 1 
1 1  

Good 1 1  
1 1  
1 1 

d )  Gr a i n  s tored on farms 5- 6 months  

Source  MC  ( A ) % MC ( B ) % 
c ode 

F 1  

F 2  

F 3  

F 4  

F 5  

F 6  

F 7  

F8  

1 4 . 0  

1 3 . 0  

1 4 . 0  

1 4 . 0  

1 4 . 0  

1 4 . 0  

1 4 . 0  

1 6 . 0  

1 6 . 42 

1 4 . 36 

1 5 . 35 

1 2 . 80 

1 3 . 7 7 

1 2 . 57 

1 3 . 69 

1 3 . 63 

Cond i t i on s  of 

storage 

Cond i t i on of s amp l es 

at s amp l i ng t i me 

S i l o ,  aerated He ated , mou l dy , c a k ed 

& germi n ated gr a i n s  

S i l o ,  n o n - aerated Heated , mou l dy , c aked  

heavy weev i l  i nfestat i on 

S i l o ,  n o n - aerated Heated , mou l dy ,  

S i l o ,  non- aerated 

S i l o ,  n o n - aerated 

S i l o ,  aerated 

S i l o ,  n o n - ae r ated 

S i l o ,  n o n - ae r ated 

weev i l  i nfestat i on 

Mo u l dy, c aked , 

germ i nated gra i n s  

S l i g ht l y  mo u l dy 

Good 

Good 

S l i ght l y  d amaged 

F a - Tre ated wi th S i l og u ard , Ma l d i s o n  2% , Premi um grade 

MC : A - Mo i st u re content  p r i or  t o  s torage  a s  reported by f armers /m i l l  

B - Mo i s t u r e  content  d etermi ned after s u b- s amp l i ng i n  t h e  l aboratory 
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3 . 3 . 2 .  V i a b l e  Counts  of  B a r l ey F u n g i 

As an  a i d  to a s s e s s i ng the  s i gn i f i cance  of  g r a i n  con t ami n at i on i t  

w a s  u sefu l  to  d i fferent i ate l ev e l s of s u rface a nd i nterna l  fung a l  

c o n tami n ants , a s  men t i o n ed i n  Sect i on 3 . 1 .  

A l l counts  are  t h e  averaged  r es u l t s  of  3 determi n a t i ons  u s i ng 1 g 

l o t s  of g r a i n by t h e  method  o ut l i ned i n  F i g u r e  3-3 and the  counts  are  

expres sed a s  co l o ny- formi ng u n i t s per g r am of  gr a i n .  No counts  were 

made of the  ye ast  and  b acter i a l popu l at i on s , t h u s  the  v i ab l e  c o u n t s  

reported h e r e  a r e  tho s e  of  fi l amentou s  fung i on l y . 

D u e  to the  v ar i ab i l i ty of t h e  counts  o bt a i ned and d i ff i c u l ty of 

e s t a b l i s h i ng a sound  b a s e  for s t a t i s t i ca l  an a l ys i s ,  these r es u l t s  are 

s i mp l y  pre sented a s  act u a l  counts and i n  s umma r i s ed form i n  F i g u res  3 -4 

to  3 - 1 0 .  

3 . 3 . 2 . 1 .  S amp l e s o bt a i ned at h arvest  ( Tab l e  3 - 2 [ a ] )  

Of the  e i ght  g r a i n  s amp l es obt a i ned at  h arvest , there  was  a w i d e  

v ar i at i o n i n  tota l  c o u n t  ( T . C . ) r a ng i ng from 1 . 8 4  x 1 03 for Samp l e  A 1  
3 - 1 t o  5 1 . 9  x 1 0  C . F . U .  g for  S amp l e  B 1 . S amp l e s A1  and A3 , both  

o r i g i n a t i ng from M i l l  A ,  s howed r e l a t i ve l y  l ow tota l  v i ab l e  fung a l  

c o u nt s .  
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( - 1 ) T a b l e  3- 2 :  Average v i ab l e  counts  Co l ony-formi ng u n i t s g of gr a i n 

a t  2 5°C 

[ a] At harvest  

V i ab l e  co u n t s  C . F . U .  g - 1 ( x 1 03 ) 

S amp l e  Outs i de I n s i de Tot a l  Coun t s  

A 1 0 . 95 0 . 89 1 .  84 

A2 1 4 . 28 6 . 44 2 0 . 72 

A3 2 . 1 7  0 .  1 1  2 . 28 

A4 30 . 1 7  4 . 08 34 . 25  

8 1  40 . 52 1 1  . 40 5 1 . 92 

82  1 2 . 48 3 . 3 7 1 5 . 85 

83 22 . 00 2 . 66 2 4 . 66 

84 23 . 92 6 . 1 9 3 0 .  1 1  

R ange 3 3 - 1  = 1 . 84 X 1 0  - 5 1 . 92 X 1 0  C . F . U . g 

[ b ]  Commerc i a l s i l os ii mont h s 1 s torage ) 

S amp l e  

AS 

A6 

A7 

8 5  

8 6  

8 7  

88 

R ange 

V i ab l e  count s  C . F . U .  g- 1 ( x 1 03 ) 

Outs i de I n s i de Tot a l  

1 3 . 08 1 .  20  1 4 . 28 

3 . 03 0 . 25 3 . 28 

6 . 28 0 . 1 3  6 . 4 1 

23 . 59 2 . 76 2 6 . 35 

1 8 . 26 1 .  3 5  1 9 . 6 1 

2 7 . 09 1 .  06 2 8 . 1 5  

1 8 . 41 0 . 92 1 9 . 33 

3 3 - 1 = 3 . 28 x 1 0  - 28 . 1 5  x 1 0  C . F . U .  g 



[ c ]  C ommer c i a l s i l os 11 mont h s 1 s tor age ) 

S amp l e  

AB 

A9 

B 9  

B 1 0  

B 1 1 

B 1 2 

R ange  

V i ab l e  counts  C . F . U .  g - 1 ( x 1 03 ) 

O u t s i de I n s i de To t a l  

9 1 9 . 1 2  38 . 23 9 5 7 . 35 

3 . 59 0 . 43 4 . 02 

7 . 45 0 . 63 8 . 08 

2 . 7 4 0 . 1 8  2 . 92 

5 . 44 1 . 20 6 . 64 

4 . 03 0 .  1 5  4 . 1 8  

3 3 - 1 = 2 .  92 X 1 0 - 9 5 7 .  35  X 1 0 C .  F .  U .  g 

[ d ]  Amb i ent temperature , s e a l ed J1 mont h s 1 storage ) 

Samp l e  

A 1  

A2  

A3  

A4 

B 1  

B 2  

B 3  

B 4  

R ange 

g - 1 ( x 1 03 ) V i ab l e  counts  C . F . U .  

O u t s i de I n s i de To t a l  

0 . 03 0 . 0 1 0 . 04 

0 . 82 0 .  1 0  0 . 92 

0 . 02 0 . 00 0 . 02 

1 .  29  0 .  1 2  1 .  4 1  

0 . 1 3  0 . 02 0 . 1 5  

0 . 3 3 0 . 07 0 . 40 

0 . 1 0  0 . 03 0 .  1 3  

0 . 4 1 0 . 1 4  0 . 55 

3 3 - 1  
= 0 . 02 X 1 0  - 1 . 4 1 X 1 0  C . F . U .  g 
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[ e ]  C o l d ,  i0� s e a l ed 12 mo nth s ' s torage ) 

S amp l e 

A1  

A2 

A3 

A4 

8 1  

82 

83 

84 

R a nge 

V i ab l e  c o u n t s  C . F . U .  g - 1 ( x 1 03 ) 

Outs i de I n s i de Tot a l  

5 . 90 0 . 07 5 . 9 7 

1 4 . 9 5 1 3 . 03 2 7 . 98 

0 . 50 0 . 03 0 . 53 

2 4 . 07  0 . 60 24 . 6 7 

30 . 58 0 . 08 30 . 66 

8.  1 7  1 .  38 9 . 5 5 

3 . 98 0 . 26 4 . 24 

1 3 . 94 1 . 08 1 5 . 02 

3 3 - 1  0 . 53 X 1 0  - 30 . 66  X 1 0  C . F . U .  g 

[ f ] F arm s i l os ( 5 -6 mon t h s ' s torage ) 

S amp l e 

F 1  

F 2  

F3 

F4 

F5 

F6 

F 7  

F8 

R ange 

V i ab l e  c o u n t s  C . F . U .  g - 1 
( x 1 03 ) 

Ou t s i de I n s i de To t a l  

2 2 60 . 00 5073 . 33 7333 . 33 

634 . 05 34 . 29 668 . 34 

586 . 39 58 . 3 9  644 . 78 

283 . 34 2 5 4 . 50  53 7 . 84 

224 . 22 2 . 45 226 . 6 7 

1 1 . 38 0 . 1 2  1 1 . 50 

1 6 . 30 1 4 . 80 3 1 . 1 0 

2 5 5 . 28 0 . 62 2 5 5 . 90  

3 3 - 1  = 1 1 . 50 X 1 0  - 7 3 33 . 33 X 1 0  C . F . U .  g 

7 5  



Key to F i gures  3 -4 to  3 -9 

Tot a l  - 1  o f  gra i n  - v i a b l e  counts  g 

� To t a l  i n s i de counts  g - 1  of gra i n 

' " "' t '  Tot a 1 outs i de counts  g -
1 o f  gra i n  
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F i g u re 3 -4 :  Tota l , i nner and  ou ter s u rface counts  of  gra i n s at h arvest 

( CFU g - 1 x 1 03 ) at  25°C .  

C . F . U . /g x 1 03 

52 . 0  

50 . 0  

48 . 0  

46 . 0  

44 . 0  

42 . 0  

40 . 0  

38 . 0  

36 . 0  

34 . 0  

32 . 0  

30 . 0  

2 8 . 0 

26 . 0  

24 . 0  

2 2 . 0 

20 . 0  

1 8 . 0 

1 6 . 0  

1 4 . 0  

1 2 . 0  

1 0 . 0  

8 . 0 

6 . 0  

4 . 0 

2 . 0  

0 . 0  

S amp l e  
code 

I s- � . 
A1  

i z z z z z z z 1, z z z z z z 
i z z 1, 1, z z z 1, z z z z z z z z · 1,  z z z z z z z z I i z 1, z z x n Z z 

A2 A3 A4 

Mi l l  A 

i z z z z z 1, z z z z z z z z z z 1, i 1, z z 1, z 1, 1, z 1, 1, 1, 1, z z 1, 1, z z i z z z z z z 1, z z z z z z z z 1, z z 1, z z z z z z z z z z z z z z z z z % z % z z z z 

B 1  B2 B3  B4 

M i  1 1  B 
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F i gure 3 - 5 : Tota l , i n ner and ou ter s urface cou�ts  of  gra i n s  stored i n  

commerc i a l s i l o s  for  5 months  ( CFU g - 1 x 1 03 ) at 25°C .  

C . F . U . /g X 1 03 

2 9 . 0  
28 . 0 
2 7 . 0 

26 . 0  

2 5 . 0  

24 . 0  

2 3 . 0  

2 2 . 0  

2 1 . 0  

20 . 0  

1 9 . 0  

1 8 . 0  

1 7 . 0  

1 6 . 0  

1 5 . 0  

1 4 . 0  

1 3 . 0  

1 2 . 0  

1 1 . 0 

1 0 . 0  

9 . 0  

8 . 0  

7 . 0  

6 . 0  

5 . 0  

4 . 0  

3 . 0  

2 . 0  

1 .  0 

0 . 0  
S amp l e  
code  

z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
% 
z 
z 
z 
z 
z 
z 
z 
z 
z f z z Il 7 

A5 

z 
z 
z 
z 
z 
z 
% 

z z 
z z z z z z 

z z 

g � 6 
z 7 

A6 A7 

z 
% 
% 
% 
% 
z 
z 

z z 
z z z z 

z z 
z z 
z % 
z % 
z z 
z z 
z z 
z z 

z 
z z z 

z z z z z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 
z z z z 

I '  
z z z 
z z z 

·z 
z z z 

z 

I � 
z z 

z z z 
z z z z z � z z z z z � z 7 r 7 7 

B5  B6  B7 88 
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F i gure 3-6 : To ta l , i n ner and outer s u rf ace  counts of gr a i n s  s tored i n  

commerc i a l s i l os for 9 months  ( CFU  g- 1  x 1 03 ) at 2 5°C .  
C . F . U . / g X 1 0  
9 5 7  I : 

I I 
I I 
I I I 
I j 
I o · Z 38 . 2 • tl z 
I o Z 

27 . 0  

26 . 0  

2 5 . 0  

24 . 0  

2 3 . 0  

22 . 0  

2 1 . 0  

20 . 0  

1 9 . 0  

1 8 . 0  

1 7 . 0  

1 6 . 0  

1 5 . 0  

1 4 . 0  

1 3 . 0  

1 2 . 0  

1 1 . 0 

1 0 . 0  

9 . 0  

8 . 0 

7 . 0  

6 . 0  

5 . 0  

4 . 0  

3 . 0  

2 . 0  

1 .  0 

0 . 0  
S amp l e  

code 

I u Z 7, 
z 
z 
7, 
z 
7, 

. � 

. � 
. z 

7, 
7, 
7, 
7, 
7, 
z 
7, 
7, 
7, 
z 
z 
z 
z 
7, 
z 
z 

i 7, � z 
� � . 7, 

z 
z 
z 
z 
z 
� . z . % d z � z 

\ z . � 
z 
z 
z 
z 
z 
% 
z 
z 
% 
% 
% 
% '/ 

AS 

3 

A9 

7, 
% 
% 
% 

7, % 
% % 
% % 

7, % % 
% % % 
% x % 7, 
z z z z 
z z l j  

z z z z � z z � z z z a . � z z 'I � a !  
B9 B 1 0  B 1 1 B 1 2  
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F i gure 3 - 7 : Tota l, i n ner a n d  o u ter  s urface co u n t s  of_�rai n s 3stored at 
amb i en t  temperature for 9 months  ( CF U  g x 1 0  ) at 25oC .  

C . F . U . /g X 1 03 

1 .  50 

1 . 40 

1 . 30 z z z 
1 . 20 z z z z 
1 .  1 0  z z z z 
1 .  00 z z z z 
0 . 90 z z z 

z 7, 
0 . 80 z 7, 7, 7, z 7, z 
0 .  70 7, z 7, 7, 7, 7, 7, 7, 
0 . 60 7, 7, 7, 7, 7, 7, 7, 7, 
0 . 50 7, 7, 7, 7, 7, 7, 7, 7, 
0 . 40 7, 7, 7, 7, z 7, 7, 7, 7, 7, 7, o·. 30 7, 7, z 7, 7, z z 7, z z 7, 7, z z z 7, 7, z z 0 . 20 7, 7, z z z 

f 
z z 7, z z f z z z f o .  1 0  z z 7, z z z z z 7, z z z z I z z z z 9 z z z 0 . 00 z I o r  z B � z B � 1 1:1 z 'I '/ '/ 

S amp l e  A 1  A2 A3 A4 8 1  82 83  84  code 
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F i gure 3 - 8 :  Tota l , i n ner and o u ter s urface cou nts of gra i ns stored i n  

co l d ( 4  °C )  for 9 months  ( CF U  g - 1 x 1 03 ) at  2 5°C .  

C . F . U . / g X 1 03 

3 1 . 0  

30 . 0  

2 9 . 0  

28 . 0  

2 7 . 0  

26 . 0  

2 5 . 0  

24 . 0  

2 3 . 0  

22 . 0  

2 1 . 0  

20 . 0  

1 9 . 0  

1 8 . 0 

1 7 . 0  

1 6 . 0  

1 5 . 0  

1 4 . 0  

1 3 . 0  

1 2 . 0  
1 1 . 0 

1 0 . 0  

9 . 0  

8 . 0  

. 7 .  0 

6 . 0  

5 . 0  

4 . 0  

3 . 0  

2 . 0  

1 .  0 

0 . 0 

z z z z 7, z 7, 7, 7, z z % 
0 1 

S amp 1 e A 1  
code 

� z 7, % · 7,  % 7, 7, 7, 7, 7, 7, 7, 7, z z 7, 7, z 7, z z z z z z z z 7, 7, l o z 1 
A2 A3 

� % % % % % % % % % % % 
� % % % % % % % 1, % z % z % 1, % z % z z z % % z % z % z z z 7, 7, 7, z 7, 7, 7, 7, % 7, 7, 7, % 7, 1, % % 7, 7, 7, 1, z % 7, % 7, 7, 7, 7, 7, 7, 7, 7, z % � z % z z 7, z z z z z z z z z z z z % z 7, z z 7, z z 7, z z z z z z z 7, z z z 7, z 7, z z z z 7, % z 

� 7, 7, I l z ·� 7, z z % 
� e � r q r 

A4 B 1  82 B3  B4  
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F i g u re 3- 9 :  Tot a l , i n ner and  ou ter s u rface co u r. t s  of gr a i n s stored on  

f arms ( C FU  g - 1 x 1 03 ) at 2 5°C .  

c .  F .  u .  I g X 1 o3 

8000 

7000 

6000 

5000 

700 

600 

500 

400 

300 

200 

32 . 0  

30 . 0  

28 . 0  

26 . 0  

24 . 0  

22 . 0  

20 . 0  

1 8 . 0  

1 6 . 0  

1 4 . 0  

1 2 . 0  

1 0 . 0  

8 . 0  

6 . 0  

4 . 0  

2 . 0  

0 . 0  

L 
I o • • 1:1 

i I � �  . I o I 
. I . /, z z . z z % . z z z z . z 7 

o I 
. I o I 
I I � � . I 0 I 

I I 
/, . z % . z z % . z . % % % 7, 7, 7, % 7, 7, % . % : % % z z % z z z z z z % z % z z z 'I 

S amp 1 e F 1 
code 

I 
I 
I 
• 
I 
• 

i z 7, 7, z z z z z 7 
I 
I 
I 
I 
I 
I 

' /, z % . z % % % % % 7, % 7, % z % . 7, 7, % % % 7, 7, % 7, z z z z z z . z z z z 7 
F 2  

i z z z z 
� I I 

I I 
I I 
I · I I o I • o I 

z 7, 7, % % % % 7, 7, 7, 7, 7, % 7, 7, 7, 7, 7, z % 7, z 7, z 7, 7, 7, z % . z z z z z 
F 3  

� � I � I o I I I 
l o /  I I 
I o I I I 
I n / • I 
I o I I I 
l o / I I . z i z z % % % % % % % % % % . % % % 7, % 7, % % % 7, 7, 7, % % 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, z 7, z z z z 7, z z z 7, z 7, z 7, . 7, 7, z 7, 

I j z z z z 7, z ? � 
F 4  F 5  

z z z z z z z z z z z 
ll � 

F 6  F 7  

z 7, z 7, % 7, z z 7, z 7, 7, 7, 7, 7, z 
� 

I z 
I 7 
I I 
I I 
I I 
I I 
I I 

/, z z z % % % % % 7, 7, % 7, 7, 7, 7, 7, 7, 7, 7, 7, z 7, z 7, z 7, 7, 7, z 7, 7, z z 
a 1 
F 8  

z z 7, t 7, I z z z 
ll � 1 
F 9  F 1 0  
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Contami n at i on was h i ghest  on the outer s urface wh i l s t the  i n s i de 

counts  ( I . C . ) contr i buted between 1 x 1 03 to 1 2  x 1 03 to the  tota l . 

F urthermore , i n s i de count s  showed l e s s  var i at i on than  outs i de counts  

( 0 .  c . ) .  

3 . 3 . 2 . 2 .  Samp l e s  from commerc i a l s i l o s  - 5 and 9 months ' s torage 

W i th the except i o n  of the tota l  counts  of Samp l e  AS after 9 

month s ' storage , a l l the  s amp l es s tored for 5 and 9 mon th s  recorded 
- 1  l ower C . F . U .  g o f  gr a i n for T . C . , I . C .  and O . C .  compared wi th  those  

obta i ned at  h arvest  ( Tab l e  3-2[ b , c ] ) 

At 5 month s '  s torage , gr ai n from M i l l  B had h i gher T . C .  compared 

w i th those  at M i l l  A .  When the s torage per i od was extended to 9 

month s ,  a dramat i c  i ncrease i n  T . C . , u p  to  957  x 1 03 , was obt a i ned for 

S amp 1 e AB stored at  Mi 1 1  A .  

Samp l es s tored i n  commerc i a l s i l o s showed h i ghest contam i n at i on  

o n  the  outer s urface ,  a nd  muc h l ower i ns i de co unts  were obt a i ned for 

a l l the s amp l e s  i n  the tota l  per i od of storage . 

3 . 3 . 2 . 3 . Labor atory storage  s amp l es - amb i ent and col d temperatures ( 9  

month s '  s torage ) 

Low O . C .  ' s  a nd even  l ower I . C .  ' s  re s u l ted i n  the overa l l l ow 

T . C .  ' s  of a l l 8 s amp l es kept  at amb i en t  temperature i n  sea l ed bag s .  
3 - 1  ( The  l owes t  v a l u e  was 0 . 02 x 1 0  C . F . U .  g for Samp l e  A3 Ta b l e  3 -

2 [ d ] ) .  

O n  the other  h and , gr a i n stored i n  the  co l d showed a range of 

v i ab l e  co u nt s , the counts  be i ng muc h h i g her t h an those of the s ame 

s amp l es  kept a t  room temperature ( Tab l e  3 - 2  [ d , e ] , and on l y  s l i g ht l y  

l ower th an t ho se  a t  harvest  ( Tab l e  3 -2  [ a] ) .  Ag a i n  Samp l es A1 and A3 

recorded the l owes t  counts  for both l aboratory storage cond i t i on s ,  as  

t h ey h ad at h arve s t . 



3 . 3 . 3 . F arm- s tored gra i n  ( Tab l e  3-2  [f ] ) 

I n  farm- s tored gr a i n ,  there was a v a s t  d i fference between 

l owest T . C .  o bt a i ned , 11 . 5  x 1 a3 fur Samp l e  F 6 , and the h i ghest  
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the  

T . C .  
3 . 

recorde d ,  7 3 3 3  x 1 0  for Samp l e  F 1 . I n  contrast  to the counts  for 

gr a i n s tored i n  the  l aboratory and i n  commerc i a l s i l o s ,  many of the 

total  v i ab l e  count s  obt a i ned here were very h i gh .  Samp l es F 1 , F2 , F 3  
and F 4  s howed s ubstan t i a l I . C . ' s , wh i l e Samp l e s F 5  and F 6 , for 

examp l e ,  d i s p l ayed a s i m i l ar pattern to the other s ampl es , i . e .  h av i ng 
I . C .  < O . C .  Samp l e s  F4  and F7  had the i r  I . C .  a l most eq u a l  to  the i r  

O . C  . .  The I . C .  of  Samp l e  F 1  was more than  doub l e  i ts O . C .  

3 . 3 . 4 . F ung i I s o l ated by D i l u t i on P l at i ng 

A w i de range of funga l  s pec i es was i s ol ated on  PDAX d u r i ng these  
s t ud i es of  t he  funga l  f l ora of bar l ey ( Append i x  3 - 1 ) .  Both  storage and  

f i e l d  fung i were i so l ated wi th varyi ng frequenc i es from gr a i n at 

h arvest and after storage . The non- s u rface s ter i l i sed gra i n ,  however , 

co ntr i b u ted t h e  l arger var i ety of funga l  s pec i es .  

Some f u n g i  such  a s  A l ternar i a ,  C l ado s por i um and Aureobas i d i um 

were i nvar i ab l y  found i n  the s upernatants  of both s urface-ster i l i sed 

and non-s urface ster i l i sed gra i n .  Others  such  as F u s ar i um ,  

P i thomyces and Stemphyl i um were assoc i ated w i th  non-surface ster i l i sed 

g r a i n at h arvest  and that stored i n  the co l d .  Aspergi l l u s and 

P en i c i l l i um were found i n  many s amp l es b u t  were p r i mar i l y  as soc i ated 

w i th  t he  non - s u rface ster i l i sed s tored g ra i n at amb i ent  temperature 

and t he i r  occurrence was  s i gn i f i cant on s u rf ace-ster i l i s ed gr a i n  

s tored for 9 months  i n  commerc i a l s i l o s  and o n  gra i n stored on farms . 

The pr i nc i p a l  funga l  genera i sol ated from p l ates i nc u b ated at  

2 5°C by  a l l t ec h n i q ue s  are  presented i n  Tab l e  3 -3 . A l l t he  s amp l e s  

from the  6 sources  s howed A l ternar i a ,  Aspergi l l u s ,  Aureobas i d i um ,  

Cepha l o spor i um ,  C l adospor i um ,  Drech s l er a ,  F u s ar i um,  Pen i c i l l i um and 

R h i zopu s ,  wh i l e other genera such as  P i t homyces , T r i c hoderma , 

P aec i l omyces  a nd Vert i c i l l i um were on l y  i nfrequent l y  encountered . 

Neverth e l e s s ,  t h e  maj or i ty o f  t h e  genera wh i ch occurred i n  more t han  

50% of  the  s amp l es were f i e l d  fung i . Th ese  f u ng i were mos t  promi nent  

i n  fre s h l y- h arves ted gr a i n  s amp l es and those  stored i n  the  co l d ,  and  
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Tab l e  3-3 : P r i nc i pa l  f u ngal genera i so l ated from gra i n  s amp l es o n  PDAX 

at 2 5°-C 

At harvest Commercial silos 

5 months 9 months 

No. +ve No . +ve No . +ve 

N o . o f  samples examined 8 7 6 

Acremoniella 

A lt ernaria 8 7 6 

A r thrinium 

Ascochyta 2 

Asperg i l lus 3 7 6 

Aureobasidium 8 7 5 

B o t r ytis 3 1 

C ephalosporium 4 3 3 

C haetomium 

Chrysosporium 1 2 1 

C ladosporium 8 6 5 

C urvularia 5 1 1 

D rechslera 7 6 5 

E pi coccum 4 1 

Fusar ium 8 5 2 

G eotr ichum 

H elminthospor i um 1 4 4 

H umicola 2 

Monilia 

Mucor 2 2 

N ig r ospora 

Paec ilomyces 

Papulospora 1 

Penicil lium 5 7 6 

P homa 2 

Phycomyces 

P ithomyces 1 

R hizopus 3 2 4 

Scopulariopsis 

S o rda ria 1 

S temphylium 3 

T r ichoderma 

Verticill ium 

L aboratory 

Cold Ambient 

N o .  +ve No. +ve 

8 8 

8 8 

2 

3 7 

7 7 

3 

8 5 

6 6 

4 1 

5 1 

1 5 

4 5 

6 8 

1 

3 

2 

1 

1 

2 

Farm s i los 

No. +ve 

8 

6 

3 

8 

8 

3 

1 

4 

3 

3 

2 

2 

8 

1 

2 

2 
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the proport i on of those  samp l es y i e l d i ng the  we l l - known storage fung i , 

Aspergi l l u s and Pen i c i l l i um was muc h l ower than  th at recorded for 

s tored g r a i n .  A l though  these s torage fu ng i were presen t  i n  v i rt ua l ly  

a l l t h e  g r a i n  stored at  amb i ent  temperature , fa i r l y  h i g h  propor t i ons 
of the  p redom i nant  f i e l d  fung i were a l so i s o l ated from these  s amp l e s .  

I nc u b at i ng p l ates at 37°C reduced the  n umber and t h u s  t h e  v ar i ety 

of fung a l  genera i s o l ated and i dent i f i ed ( Tab l e  3 -4 ) .  A l tho ugh 

A l ternar i a was s t i l l  recovered from a l l 6 sources of b ar l ey s amp l es ,  

most of the  other f i e l d fu n g i  d i d  not oc cur  s i gn i f i c an t l y  a t  37°C .  

Spec i es o f  fi e l d  fung i found at 2 5 °C were d i sp l aced by t he  storage 

genera Aspergi l l u s  and Pen i c i l l i um .  A l s o ,  i ncubat i ng p l a tes at  3 7°C 
reve a l ed t h e  presence of Ab s i d i a  and Sporotr i chum and i nc reased the  

i sol a t i on of fung i s uc h  as Scopu l ar i ops i s ,  Ceph a l ospor i um and Mon i l i a . 

Among s t  the  fung i i s o l a ted were a number of s pec i es of 

As pergi l l u s ( Tab l e  3- 5 ) .  S e l ected spec i es of the A .  f l avus- oryz ae 

group were l ater screened for tox i n prod uct i on ( C hapter 4 ) . Members 

of the Aspergi l l u s fumigatus , � f l avus-oryzae and � gl aucus  groups 

were i s o l a ted from both gr a i n a t  h arvest and from stored g r a i n .  Other 

spec i es such as Aspergi l l us c and i d u s ,  A .  vers i co l or and A .  n i d u l ans  

on ly  appeared dur i ng storage . 
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Tab l e  3 -4 : Pr i n c i p a l  funga l genera  i so l ated from gra i n s amp l es � PDAX 

at 3 7°C 

At ha rvest C ommercial silos 

5 months 9 months 

No . +ve No . +ve No . +ve 

No. o f  s amples exami ned 8 7 6 

Absidi a  1 
Alterna ria  4 2 2 
Asperg i l lus 5 7 5 
C ephalosporium 4 
Chrysosporium 

Curvu l a r i a  

Geotrichum 2 3 
Moni l i a  3 
Mucor 

Paec i l omyces 

Penic i l l ium 3 6 4 
Phycomyces 

Rhizopus 3 1 
Scopu l a r i opsis 4 
Sporuthricum 

Vert i c i l l i um 

L aboratory 

Cold Ambient 

No. +ve No. +ve 

8 8 

6 4 
4 5 
4 

2 

3 4 

2 
2 

Farm silos 

N o .  +ve 

8 

2 

8 

3 

1 
5 



Tab l e 3 -5 : P r i n c i pa l  Aspergi l l i  i so l ated from � sources 

Asperg i l l i  

( groups ) 

A .  fumigatus 

A .  flavus- oryzae 

A .  glaucus 

A .  cand i dus 

A .  t e rre  us 

A .  versicolor 

A nidul a ns 

A .  rest rict us 

Commercial s i los 

At harvest 5 months 9 months 

No. +ve No. +ve No. +ve 

++ ++ ++ 

+ ++ ++ 

+ + ++ 

+ ++ 

++ + 

+ ++ 

++ 

3 . 3 . 5 . F u n g i  from Bar l ey T i s s ues  

3 . 3 . 5 . 1 .  M i croscop i c  ob servat i o n s  

Laboratory s torage 

Cold Ambien t  

No.  +ve No. +ve 

++ ++ 

++ ++ 

+ ++ 

+ + 

++ 

+ 

+ 
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Farm silos 

No. +ve 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

S i gn s  of f ung a l  i nvas i on i nto the  caryops i s  were absent  from a l l 

t h e  s amp l es at h arvest and after storage i n  commerc i al s i l o s  and i n  

t h e  l aboratory. On l y  s amp l es from farm s i l o s , i . e .  of mo u l dy and 

d amaged grai n ,  s howed such  i nv a s i on .  Such  gr a i n s  often  s howed d i s­

co l o r at i on and  were d i ffi cu l t  to  s ect i on due  to deter i orat i on and 

de s tr uct i on of t i s sue  st ruct ures , b u t  mi croscop i c exam i n at i on of 

sq u a s hed caryop s i s  t i s s ues  reve a l ed the  presence of  myce l i um s ta i ned 

b l u e wi th l actophenol  cotton b l u e .  

H owever ,  i n  the  case  of  husk  t i s s u e ,  s pores , s c l erot i a ,  fru i t i ng 

bod i e s ,  groups  of yeast c e l l s  a nd funga l  myce l i a  were noted on  gra i n 

from many s amp l es .  The fung a l  struct ure s  s ta i ned b l ue-v i o l et wi th 

an i l i ne b l u e  and b l u e wi th l actophenol  cotton b l u e  ag a i nst  a 

b ac k ground of brown non-st a i n i ng h usk  c e l l s .  

Myce l i um was present on  both the  i n ner and o uter s u rfaces  of the  

husk  a nd a l s o  p enetrat i on of s ome hyp h ae i nto the  h u sk c e l l l ayers was  

n oted . Th i s  myc e l i um was  detected i n  a l l t he  1 1 C l ean 1 1 g r a i n s  exami ned 
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Tab l e  3-6 : Pr i nc i pa l  funga l genera obt a i ned on c u l tur i ng gra i n  t i ssues 
on PDAX at 25°C . 

Whole 

No. sampl es pos i t ive 

C a ryopses Husks 

L ong i t udinal T r ansverse I ns ide Outside 

A t  h a rvest 

No of samples 

A l ternaria 

Aureobasidium 

C ladosporium 

D rechslera 

E p i coccum 

F u s a r ium 

Peni cil l i um 

Rhiz opus 

Comme r c i a l  silos 

5 months - ---
No o f  samples 

A l terna r i a  

Asperg i l lus 

Aureobas idium 

C l adospor ium 

Drechslera 

Epicoccum 

F u s a rium 

Mon i l i a  

P e ni c i l l i um 

+ 
n . s . s .  

8 
8 
3 

5 

3 

6 

7 
7 

3 

4 

4 

4 

sections 
* 

s . s . n . s . s .  s . s .  

8 
8 8 8 
2 

2 2 

2 

2 

3 5 

7 
7 7 7 

1 

2 

4 3 

sections sur face s u r face 

n . s . s .  s . s .  n . s . s .  s . s .  n . s . s .  s . s .  

8 8 8 
8 8 8 8 8 8 
3 1 

3 

4 4 

4 

7 7 7 
7 7 7 6 7 7 

3 

2 2 

2 1 

2 2 5 

1 

3 

2 2 

+ 
columns r epresent fungi from g r a i n  t i ssues o f  non-sur face s t e r i l i sed g rains n . s . s .  

* 
s . s .  columns r epresent fungi i sola t ed from grain t i ssues a f t e r  whole g r a i n s  have been 

subjected to sur face s t e r i l i s a t ion . 



TAbl e 3-6  
( co n t i n ued ) 

C ommercial s i l os 

9 months - ---
N o .  o f  samples 

A l t e r n a r i a  

A s perg i llus 

A u reobasidium 

C h rysosporium 

C l adosporium 

D r echslera 

E pi coccum 

F u s a r i um 

Muco r 

P e n i ci l l ium 

R hizopus 

L ab o r a tory � months 

4 o� ' '-

N o .  o f  samples 

A l t e rnaria 

Au reobasidium 

C h a e tomium 

C la d o s porium 

D rechslera 

E p i coccum 

F u s a r ium 

Whole 

n . s . s .  s . s .  

6 

5 6 

6 5 

4 3 

3 

6 6 

2 

8 
8 8 

2 

6 

7 6 

2 

7 7 

No.  of Samole5 Positive 

C a ryopses 

L ong i tud i nal 

sec t i ons 

n . s . s . s . s .  

6 

5 4 

3 

3 2 

4 

4 3 

6 l.; 

8 
8 6 

1 
2 

5 5 

T ransve rse 

sec t i on s  

n . s . s . s . s . 

6 

5 4 

2 

3 

4 

3 2 

5 2 

8 
4 4 

6 

2 

I n s ide 

s u r face 

Husks 

n . s . s .  s . s .  

6 

6 5 

6 4 

2 

2 

1 
6 5 

8 
8 8 
3 

6 

2 

89 

Out side 

sur face 

n. s . s .  s . s .  

6 

6 6 

6 6 

5 

2 

3 2 

2 

6 

8 
8 8 
6 4 

7 

7 6 

6 4 



Tab l e  3 -6  
( cont i nued ) 

L aboratori 2 months 

Ambient 

N o .  o f  s amples 

A l te rna r i a  

Au reobas id i um 

C ladospo rium 

D rechslera 

F u s a r ium 

Penici l l ium 

F a rm s i los -- ---
9 months - ---
No . o f  samples 

A l terna r i a  

Aspergi l lu s  

Aureobas idium 

C haetomium 

Cl adosporium 

D rechsle ra 

E pi coccum 

Fusarium 

Moni l i a  

Penici l l ium 

P hycomy c e s  

Whol e 

n . s . s . s . s .  

8 

B 7 

B 7 

8 

7 3 

B 

8 8 

8 8 

5 

6 

5 

B B 

5 

N o .  samples posi tive 

C aryopses 

Long i tudi nal T ransverse 

section s  

n . s . s .  s . s . 

8 

B 5 

3 2 

4 

7 4 

2 

B 

8 7 

B 6 

5 2 

5 

4 

2 

8 8 

2 

secti ons 

n . s . s .  s . s . 

8 

7 5 

3 

B 

7 5 

7 6 

3 

2 

B 8 

90 

Husks 

I ns ide Outside 

s u r face 

n . s . s .  s . s .  

8 

6 5 

3 

B 

7 5 

8 7 

7 4 

8 7 

s u r face 

n . s . s . s . s .  

B 

8 7 

4 

7 

B 

4 

3 

8 

7 8 

8 B 

6 6 

2 

6 

3 

7 

1 1 

8 8 

3 
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a s  we l l a s  i n  t h e  mou l dy gra i n .  Genera l l y ,  myce l i um was often 

d i st r i bu ted a l l over the surfaces  of the hu s k s , b u t  was mo s t  abund a n t  

on  t h e  i n ner s urfac e s ,  espec i a l l y  a t  the  two end s of  the  gr a i n and 

where h a i ry and barbed struct ures were l oc ated . I n  heav i l y i nfected 

h u s k  s tr i p s  from mou l dy samp l es ,  the  myce l i um comp l ete l y  covered both 

the  h u s k  s u rfaces . 

Two types of funga l  hyphae ,  brown and hya l i n e ,  were noted i n  the  

h u s k  s tr i ps . The mycel i um present i n  mos t  h u sk s amp l es was  brown 

hyphae but  many of those  from farm- stored b ar l ey con s i sted of both 

types . H u s k s  from obv i ous l y  mo u l dy gra i n  had a h i gher proport i on of 

hyal i ne hyphae .  

3 . 3 . 5 . 2 .  Bar l ey t i s s ue s  cu l t ured on PDAX 

A smal l er var i ety of fung i  was i so l ated from cu l t ured h u s k  t i s s ue 

than  from d i l u t i on p l at i ng .  I t  i s  apparent from Tab l e  3-6 t hat fi e l d  

fung i , n ame l y  A l ternar i a , Orech s l era ,  C l adospor i um and Aureobas i d i um 

were once  aga i n  the predomi nant  fung i present . These fung i were more 

frequen t l y found i n  cu l t u res of non - s urface  ster i l i s ed gra i n .  

As pergi l l u s and Pen i c i l l i um were not a l ways i s o l ated from every bar l ey 

fr act i on exami ned b ut  were encountered from b ar l ey fr act i on s  of both 

non-s urface ster i l i sed and s u rface-ster i l i sed s t ored gr a i n .  

F u ng i were i s o l ated from a l l the  who l e  c aryopses  and l o ng i tud i n a l  

s ect i on s  cu l t ured o n  P DAX . Exami nat i on and o b servat i on s  of caryop s i s  

fr act i on s  soon after the commencement  of i nc u b at i on s howed that  n o  

fung i grew from the  c u t  s urface of  1 1 C l ean 1 1  gr a i n ,  i n stead the  fung i 

repre sented i n  the  t ab l e often emerged from t h e  c i rcumference of the  

who l e c aryops i s  and  sect i on s .  On the  other  h and , sect i on s  of caryop­

s i s  of mou l dy gra i n i nv ar i ab l y  y i e l ded fung i from a l l over the  c aryop ­

s i s .  I t  wa s  a l s o  noted th at fung i tended t o  g r ow from the  tran sverse  

s ect i on s  of  the  ends  of  the caryops i s  and  from t he  area  of the  ventra l  

crea s e ,  but  transverse  sect i on s  from the m i dd l e  areas of ,  p art i cu l ar­

l y , s u rface- ster i l i sed gra i n most l y  appeared to be  free of v i ab l e  

f ung i . 

Overa l l ,  no  s i gn i f i cant  resu l t s  were o bt a i ned f'("om the  p attern of 

f unga l  occurrence of  the who l e c aryopses and the l ong i t ud i n a l  s ect i on 
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of n o n - s u rface ster i l i sed gr a i n s .  F u ng i i so l ated resemb l ed those  of 

the ou ter husk  s urfaces ( Tab l e  3 - 6 ) ,  and yet aga i n  the f i e l d  fung i 

were predomi n ant  wh i l s t the pr i nc i pa l  storage fung i  exh i b i ted sporad i c  

occurrence except for the farm- stored gra i n  a nd t h at kept i n  commer­

c i a l s i l o s  for 9 mon th s .  

Most  of the  f u ng i i s ol ated from h u s k  s t r i ps were from the  o u ter 
s u rfaces , wi th s ome common l y- occurr i ng ge nera  a l s o  i so l ated from the 

i n ner s urfaces . A l ternar i a was present i n  a l l h u s k  t i s s ue  exam i ned . 

S pec i es of F u sar i um ,  C l ado s pori um and Aureobas i d i um appeared to 
co l o n i se the outer h u s k  s urfaces . 

Pen i c i l l i um was not i s o l ated from hu s k s  of fre s h l y- h arvested 
gra i n nor from s u c h  gr a i n  after bei ng kept  i n  the co l d .  I t  was 
i so l a ted from the  outer h u s k  s urfaces  of gr a i n  stored i n  the  
l aboratory at amb i ent  temperature and i n  s i l o s  for 5 month s .  Gr a i n 
from farm s i  1 os  and after prol onged storage i n  commerc i a l s i l o s 
y i e l ded Pen i c i l l i um spec i es from both i nner and ou ter h u s k  s urface s . 

I n  compar i son w i th  the occurrence and d i s t r i but i on of Pen i c i l l i um 

i n  h u s k  t i s s ues , Aspergi l l u s was not i s o l ated from h u s k  t i s s ues  of 

s amp l es  at h arve s t  n or those stored i n  the co l d or stored i n  the 

l aboratory at amb i en t  temperat ure . Spec i es of Aspergi l l i  were present  

on  t he  ou ter s urfaces of gr a i n  wh i c h h ad been  i n  s i l o s  for  5 month s  

( they were i s ol ated o n  the  outer and i n ner s u rfaces of  non - s u rface 

ster i l i sed gra i n s ) , and were co ns i stent l y  i s o l ated from both the  o u ter 

and i nner s urfaces of h u s k  s t r i ps of both non- s urf ace ster i l i sed and 

s u rface-ster i l i sed g r a i n stored for 9 month s and on farms . 

3 . 3 . 6 .  Ch ang i ng Leve l s of F u n g a l  Contami n a t i on  wi th  Storage 

3 . 3 . 6 . 1 .  V i ab l e  counts  ( F i gure  3-4 ) 

Exam i n at i on of  gr a i n  h e l d i n  s i l os for 5 month s showed a d ec l i ne 

i n  tota l  counts  from those  at h arvest , and a muc h l arger drop i n  
counts  was found whe n  the  gra i n h ad been s tored for a furth er  4 

month s .  Both i ns i de and o u t s i de counts  s howed s teady dec l i nes  over 

t h i s  p er i od .  
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Counts for g r a i n kept at room temperatu res of between 1 2 . 5 -l0 . 0°C 

for 9 months recorded a 1 00-fol d drop i n  v i ab l e  counts  compared w i th  

t hose  obta i ned from gra i n at  harvest . Th i s  s i gn i f i cant drop  i n  tota l  

count , however ,  was  not  fol l owed by  gra i n kept i n  the co l d ( i . e .  at 

4°C ) for the  s ame per i od .  In  these,  there was l ess  l o s s  of fung a l  

v i ab i l i ty for the  o u ter s u rface co unts  b ut  t h e  i n s i de counts  d ropped 

to  a s i mi l ar l ev e l  to those of gr a i n stored i n  s i l o s  at amb i ent  

temperature . 

A l though  counts  of fresh l y- h arves ted s amp l es of the  farm- s tored 

g r a i n s  were not  av a i l ab l e  for ana lys i s ,  a compar i son  of the  counts  of 

these  gr a i ns  wi th those  co unts of s amp l es  h arves ted i n  the  s ame l oc a l  

area and stored i n  commerc i a l s i l o s  revea l ed h i g h l eve l s o f  funga l  
contami n at i on of the  farm- stored gr a i n as  compared wi th  those  from 

c ommerc i a l s i l o s ,  s howi ng dramat i c  i ncreases  i n  tota l  C . F . U .  from 

counts  at h arve s t .  Outs i de counts  and i n s i de counts  o f  farm- stored 

g ra i n s  were al s o  c omparat i ve l y  h i gher  and i n s i de cou n t s  rose to a 

s i m i l ar l eve l  as o u t s i de counts  i n  storage , a feature not  s hown by the  

o ther gra i n  s amp l es .  

3 . 3 . 6 . 2 .  F unga l  genera  

The overa l l frequenc i es of var i ou s  genera obt a i ned from a l l P DAX 

c u l t ures i ncu bated at  25°C are tabu l ated i n  Tab l e  3 - 7 .  The freq uen-

c i es of genera i s o l ated covered the  r ange from 1 2 . 5%- 1 00% . 

Among st  the  genera i s o l ated , A l ternar i a was the  mos t  freq uent  and 

ma i nt a i ned i ts l ev e l  throughout the 9 month s '  s torage per i od at amb­

i en t  temperat ure . Other genera s uc h  a s  Aureobas i d i um and C l ados por i um 

s howed somewh at decreas i ng l eve l s and th i s  trend was e spec i a l l y  not­

i ceab l e  for F u s ar i um and C u rvu l ar i a .  I n  contra s t ,  Pen i c i l l i um and 

Aspergi l l us ,  t he  two we l l - k n own s torage fung i , were i so l ated at  h i g her 

freq u ency i n  the s tored gra i n .  Thu s ,  a l t h o ug h  gener a  of f i e l d f u n g i  

s howed decreas i ng frequenc i es w i th storage , t hey were not  act u a l l y  

rep l aced by s torage fung i . 
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Tab l e  3 - 7 :  Overa l l  i nc i dence of s e l ected funga l genera � the  bar l ey 

s amp l es exam i ned based o n  i so l at i on s  from � tota l  count  

determi nat i on s  at  �0f ( % )  

N o .  o f  samples 

Alt ernaria 

A r thri1 1ium 

Ascochyta 

Asperg i l lus 

Aureobasidium 

B o tr yt i s  

Cephalosporium 

C haetomium 

C h rysosporium 

C l adosporium 

Curvularia  

D r echslera 

E picoccum 

Fusarium 

Geot richum 

H e lmin thosporium 

Moni lia  

Mucor 

P a eci lomyces 

Penici l l i um 

Phycomyces 

P i thomyces 

R h izopus 

Scopul a r i opsis 

S temphy l i um 

Ve rticill ium 

At harvest 

8 

1 00 . 0  
1 2 . 5  
2 5 . 0  
3 7 . 5 

1 00 . 0  
3 7 . 5 
5 0 . 0  
1 2 . 5  
1 2 . 5  

1 00 . 0  
62 . 5  
8 7 . 5 
50 . 0  

1 0 0 . 0  
1 2 . 5  
1 2 . 5  

2 5 . 0  

62 . 5  

1 2 . 5  
3 7 . 5 

3 7 . 5 
1 2 . 5  

% S am[!l es 

C ommercial sil os 

5 months 9 months 

7 6 

1 00 . 0  1 00 . 0  
1 4 . 3  1 6 . 7  

1 00 . 0  85 . 3  
1 00 . 0  83 . 3  

1 6 . 7 
42 . 9  50 . 0  

1 6 . 7  
28 . 6  1 6 . 7  
85 . 7  83 . 3  
1 4 . 3  1 6 . 7  
85 . 7  83 . 3  

1 6 . 7  
71  . 4  3 3 . 3  

5 7 . 1  66. 7 
1 4 . 3  
1 4 . 3  33 . 3  
1 4 . 3  

1 00 . 0  1 00 . 0  
1 4 . 3  
1 4 . 3  
28 . 6  66 . 7  

3 3 . 3  
1 4 . 3  1 6 . 7  

Positive 

Laboratory Farm silos 

C o l d  Ambient 5-6 months 

8 8 8 

1 00 . 0  1 00 . 0  7 5 . 0  

2 5 . 0  1 2 . 5  3 7 . 5 
3 7 . 5 87 . 5  1 00 . 0  
8 7 . 5  87 . 5  1 00 . 0 

3 7 . 5  25 . 0  3 7 . 5 
1 2 . 5  1 2 . 5  

1 2 . 5  
1 DO . 0 62 . 5  50 . 0  

75 . 0  75 . 0  3 7 . 5 
50 . 0  1 2 . 5  1 2 . 5  
62 . 5  1 2 . 5  1 2 . 5  
1 2 . 5  62 . 5  1 2 . 5  
50 . 0  62 . 5  1 2 . 5  

37 . 5  
1 2 . 5  25 . 0  

25 . 0  
75 . 0  1 00. 0 1 OD . 0 

2 5 . 0  
1 2 . 5  
3 7 . 5  1 2 . 5  2 5 . 0  
2 5 . 0  
1 2 . 5  1 2 . 5  
2 5 . 0  
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3 . 4 .  D I SCUSS I ON 

The b ar l ey stud i ed i n  these i nvest i ga t i o n s  was mai n l y  h arvested 
and s tored at mo i sture content of about 1 3% ,  wh i ch h as been con s i dered 

s afe for th i s  g r a i n type ( H i l l  and L acey,  1 983 ) . Dur i ng storag e ,  t he  

mo i st ure content  of  the gra i n stab i l i sed to  a l ow l eve l  and dropped 

w i th t i me under  we l l - contro l l ed cond i t i on s .  The drop i n  mo i sture  
content was  more  obv i ous i n  gr a i n kept  on commerc i a l premi ses where 

aerat i on was u s ed to reduce temperatures and i n  do i ng so broug ht  about 
some dryi ng of the gra i n .  The a b i l i ty to m a i nta i n mo i sture at l ow 
l eve l s ens ured the gr a i n  was " proper l y" stored and hence most of t he  

g r a i n de a l t wi th i n  t hese  stud i es was  co n s i dered a s  good q u a l i ty ,  

" c l ea n "  gr a i n .  

Loc a l  farms from wh i ch samp l es were obt a i n ed store t he i r gra i n at 

h i gher mo i st ure content ( average M . C .  = 1 4 . 0% ) . Th i s  p l aces the gra i n  
u nder  con t i n u a l  threat of spo i l age for even a smal l change i n  M . C .  c a n  

l e ad to deter i orat i on of  t he  gra i n d u r i ng storage ( Chr i stensen  and 

L i nk o , 1 963 ) . Thus  i t  i s  not surpr i s i ng t hat many of the  farm s amp l e s  
cons i sted of  heated g ra i n ,  gr a i n  i nfested w i th m i tes , i n sects  a nd 

f u ng i . The poor cond i t i on of th i s  gr a i n  was further exacerbated by 

the  l ack  of dev i ces to  mon i tor s i l o  cond i t i on s  res u l t i ng i n  gross  

s po i l age as occu rred i n  two farm s i l o s ( P l ate 3 - 1 ) .  

The i nf l u e nce of mo i sture content on f u nga l  growth i n  cere a l  

g r a i ns  has  been estab l i s hed by many i nves t i g ators ( C h r i stensen  a nd 

K aufman� 1 974 ) and th i s  re l at i onsh i p  was a l s o demon strated i n  t he  ) 

r es u l t s of  t he  p resent st udy. " C l e a n "  gra i n at harvest  and on  b e i ng  

s tored at l ow moi sture content showed no s i gn s  of mou l d i n fect i on a nd 

g ave  l ow v i ab l e  counts  compared wi th gr a i n stored at h i g h M . C .  and  

wh i c h h ad deter i orated . I ncreased mo i sture  content accompan i ed by 

mou l d i nes s  was  wel l i l l u s trated i n  the  f i r st  two samp l es of farm­

stored g r a i n .  

The tota l  cou n t i ng techn i q ue u sed i n  th i s  i nvest i ga t i on h as 

e n ab l ed the  tota l  v i ab l e  counts , outs i de s u rface counts  and i n s i de 

counts t o  b e  s uccessfu l l y est i mated . S ubstan t i a l  d i fferences  were 

o bta i ned between total  outs i de counts and i n s i de counts . Omi tt i ng t h e  

o bv i ous l y  mou l dy g ra i n ,  a l most a l l t he  o t h e r  bar l ey s amp l es exam i ned 



P l ate 3 - 1 . Mou l d - i nfes ted gra i n  from a farm s i l o .  
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possessed much l ower i nterna l  counts , e s sent i a l l y  the tot a l  counts  

o bt a i ned after s urface ster i l i sat i on ( s . s . ) of the  gra i n .  Th i s  

presumab l y  i nd i cates that  most of the  v i ab l e funga l  propag u l e s  were 

present  on non - s u rface ster i l i sed ( n . s . s . ) bar l ey gra i n s as s uper­

f i c i a l contami n ants . The reg i me of surface ster i l i s at i on and r ather 

v i gorous wash i ng c an be a s sumed to h av e  k i l l ed and d i s l od ged these 

s u perf i c i a l fung i , l e av i ng beh i nd the  we l l -attached and " protected " 

f u ng i ( F l ann i ga n ,  1 969 ,  1 9 70 ; F l ann i gan  and D i ck i e ,  1 9 72 ) .  The 

n umbers and types of s urface contam i n ants f l uctuate under  the 

i nf l uence of factors s uc h  as the spore popu l at i on, t h e  sources  of 

i nocu l um ,  th e t i me of h arves t ,  the per i od of storage as we l l as 

env i ronmenta l  determ i nants of b i o l og i ca l , p hys i c al  and chemi c a l  n at u re 

re s u l t i ng i n  the  re l at i ve l y  l arge var i at i ons  i n  v i ab l e  counts  of 

s amp l es .  The fact th at most  of the  i n s i de counts co n s i sted o f  fung i 

e i ther we l l enc l osed i n  the  space covered by the  h u s k ,  o r  we l l e stab­

l i s hed on  and wi th i n  the i n ner h u sk  surface and the  s urface of  the 
c a ryops i s ,  mu st  acco unt for the  comparat i ve l y  const ant i nter n a l  v i ab l e  

count . 

The total  v i ab l e  counts  of the fresh l y-h arvested b ar l ey s amp l es 
were v a r i ed a nd general l y  h i gh ,  b ut  they are not as h i gh  as  those 

recorded by C l arke et �· ( 1 965 ) who d i l u t i on-p l ated commi nu ted 

g ra i ns . The i r  fres h l y- h arvested gra i n gQve counts rang i ng from 3 . 2  x 

1 04 to  1 . 5 x 1 05 per gram of gra i n ,  i n  contrast w i th a max i mum count  

of  5 . 2  x 1 04 C . F . U .  g- 1  and  a mi n i mum of 2 . 0  x 1 03 C . F . U .  g- 1  o b ta i ned 

by the  total  count i ng tec h n i que  chosen for  the present st udy. These 

funga l  contami n ants  assoc i ated wi th b ar l ey cou l d  be i ntroduced  i n  the 

f i e l d  from the s o i l ,  the  a i r or the  v ege t at i ve parts of th e p l ant 

( F l an n i ga n ,  1 96 9 ,  1 9 78 ) . Contami nat i on  c a n  a l s o occur d u r i ng  h arves­

t i ng and subsequent  h and l i ng of the  gra i n wi th i tems such  as h arves­

ters , truc k s  and other eq u i pment  ( F l a nn i gan , 1 9 78 ; Tu i te and 

C h r i sten sen , 1 95 7 ) . 

Two bar l ey s amp l es ( A1 and A3 ) d e l i vered to Mi l l  A h ad u n u s u a l l y  

l ow v i ab l e  counts . These 2 s amp l es con t i n ued t o  g i ve very l ow counts  

after  s torage i n  t h e  co l d and i n  sea l ed  b ags  kept  i n  t h e  l aboratory.  

S ubseq uent d i scus s i on s  w i th the  mi l l  manager  r a i sed a n umber of  

p o s s i b i l i t i es ,  one  of wh i c h was that  the  farmers concerned h ad 
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proba b l y  sprayed thei r b ar l ey crops wi th chem i c a l  su bstances wh i ch h ad 

f u ng i c i d a l  or fung i s tat i c  effect s .  

As part of an i n tens i ve survey of the  mycof l ora of bar l ey gra i n 

i n  E gypt ,  tota l  counts of fung i by d i l u t i o n  p l at i ng of commi nu ted 

g ra i ns  acqu i red from 40 s amp l es co l l ected by Abde l - K ader et a l . ( 1 979 ) 

from commerc i a l s i l o s gave a count of 580 . 9 x 1 03 per gram of gra i n .  

Th i s  was  a cons i derab l y  l arger e s t i mate of fungal  co l o n i es on  

c ommerc i a l l y- s tored gra i n  than  those  of  gr a i n  obtai ned from New 

Zea l and commerc i a l s i l o s .  I t  was probab l e  th at the g ra i n of 

apparen t l y  l ow moi sture content exami ned by Abde l -Kader et a l . was 

u ndergo i ng fung a l  i nvas i on i n  storage res u l t i ng i n  h i gh v i ab l e  counts . 

A samp l e  g i v i ng unusua l l y  h i g h v i ab l e  counts  of 957 . 4  x 1 03 C . F . U . per 

gram after 9 months ' commerc i a l s torage i n  the  present s tudy,  showed 

s i gn s  of weev i l  i nfe stat i on and s l i ght  heat i ng .  G i ven these  facts , i t  

was l i k e l y  that  i nc i p i ent  fu nga l i nvas i on h ad begun  i n  th i s  s amp l e  and 

s uc h  a process  can t ake  p l ace wi th n o  externa l  s i gn s ( Watson and 
C ameron , 1 9 76 ) .  A l though  l i tt l e i nformat i on was g i ven by the authors 

o n  th e cond i t i on of the Egypt i an gra i n and i ts cond i t i on of storage , 

t he  i s ol a t i o n  of Aspergi l l u s at 1 00% and Pen i c i l l i um at 82 . 5% of the  

tota l  samp l e s further l end s support to  the  i nference t h at t he  gra i n 

was be i ng i nv aded by s t orage fung i . 

More recen t l y , E l -Kady et �· ( 1 982 ) reported counts  of between  

5 3 . 2 to  2 7 99 . 9  per  gram of l ow mo i st ure E gypt i an-grown bar l ey from 25  

1 kg  commerc i a l gra i n s amp l es .  Thei r s urvey resu l t s showed th at 

b ar l ey gra i n was the r i chest i n  v i ab l e  funga l  counts  re l at i ve to those  

of ma i ze , s orghum and  wheat . The counts  of v i ab l e  fung i o b t a i ned by 

E l - K ady et �· were i n  agreement wi th t hat;gra i n stored for 9 months  

i n  t h e  New  Zea l and commerc i a l s i l os covered i n  t he  present study .  

Gra i n sea l ed i n  bags  and kept  i n  the  l aboratory a t  amb i ent 

temperature conta i ned very l ow n umbers  of v i ab l e  fung i 

t hose  obt a i ned for gra i n stored under other cond i t i on s .  

f u ng a l  growth has a l so been observed by C l arke and H i l l  

compared 

Absence 

( 1 981 ) 

to 

of 

i n  

t h e i r h i gh-mo i sture bar l ey stored i n  hermet i c a l l y- sea l ed l aboratory 

s i l o s .  I n  th e i r  i nvest i gat i ons , t h e  dec l i ne i n  funga l  v i a b i l i ty was 

re l ated to  gr a i n  mo i st ure . F i e l d  fung i present i n  the g ra i n at h ar­

vest  were comp l ete l y  e l i mi nated i n  s amp l es stored at mo i st ure  content  
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greater th an  2 0% for 1 00 days . Me i er i ng et �· ( 1 966 ) , ( c i ted by 

C l arke and H i l l ,  1 981 ) s uggest th at t he  rap i d  dep l et i on of o2 and t he  

concentrat i o n  of  co2 i n  t h e  i ntergranu l ar atmosphere of the  h i gh­
mo i sture bar l ey were respon s i b l e  for the  decreased fungal  v i ab i l i ty 

assoc i ated wi th  such  gr a i n .  At about  the s ame t i me ,  Berck  ( 1 966 ) ,  

( c i ted by C l arke and H i l l ,  1 98 1 ) proposed th at gaseous compound s 

other than  t ho se of co2 and o2 cou l d a l so be res pons i b l e  for the l o s s  
of fung a l  v i ab i l i ty .  Ch anges i n  s uc h  gaseous components i n  t h e  i mme­

d i ate g r a i n atmosphere co u l d a l so produce s i mi l ar effects on  funga l  

v i ab i l i ty i n  t h e  l ow-mo i sture gra i n s tored sea l ed i n  the  l aboratory at 

amb i ent  temperature .  

D i l u t i on p l at i ng of grai n s tored , se a l ed ,  i n  the co l d h as 

r eveal ed r e l at i ve l y  h i gh counts of fung i i n  t h e  present study ,  second 
on l y  to those recorded for " c l ean"  b ar l ey at harvest . C l arke and h i s 

co l l eagues ( 1 968 ) obta i ned s i m i l ar resu l t s  from the h i g h-mo i sture  

gra i n they exami ned after col d storage .  Because  t he  overa l l counts  

were l ower t h an when the gr a i n was at  harve s t , i t  cou l d  be  conc l uded 

t h at n o  act i ve fu nga l  prol i ferat i on h ad tak e n  p l ace and the  re l at i ve l y  

smal l drop i n  co unts  o f  most s amp l es must po i nt to greater surv i va l  

among st  fung a l  spec i es under col d cond i t i ons . However ,  i f  the  bar l ey 

gra i n h ad b een stored i n  the  co l d for l o nger , fungal  pro l i ferat i on 

mi ght have  occurred as d i scovered by H i l l  and N i l es ( 1 969 ) .  The t i me 

i t  takes  for  th i s  to h appen was demonstrated by Moubasher  et a l . 

( 1 980 ) to  b e  i nvers e l y  proport i on a l  to  the mo i st ure l eve l of the  gr a i n  

be i ng stored . 

A l though  the  tota l  counts  of g r a i n stored on l oc a l  farms d i ffered 

from s amp l e  to s amp l e ,  an i nteres t i ng re l at i onsh i p  can  be  tr aced 

between th e counts and gra i n cond i t i on .  Gr a i n  descr i bed as " good " 

and apparent l y  hea l thy at the  t i me of s amp l i ng c arr i ed l ow fung a l  

popu l at i on s .  Comparat i ve l y  h i gher  v i ab l e  counts were a ssoc i ated wi th 

s l i ght l y  mou l dy or  s l i ght l y  damaged gra i n ,  and f i na l l y ,  very h i gh 

l eve l s  of  v i ab l e  counts  were obta i ned  i n  gra i n that s howed overt s i gn s  

of mou l d i nes s . 

When t he  gra i n was i n  good cond i t i on after storage , the  out s i de 
counts  were re l at i ve l y  l ow b u t  were s t i l l  h i gher  th an the  i ns i de 

count s .  Th i s  resemb l ed the pattern  o f  such  counts  for hea l thy ,  c l ean 

' • l ... ,... ... , ! )  ' 'T"' f  . I 
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g r a i n  stud i ed i n  other bar l ey s amp l es ,  t hus  i mp l yi ng th at there h ad 

not been muc h ,  i f  any,  funga l  i nvas i on d ur i ng storage . S amp l es F2 and 

F3 are t h e  except i on to th i s .  On c l oser exami nat i on of the i r  counts , 

i t  c an be seen t hat the outs i de counts  are very h i g h ,  i nd i c at i ng 

probab l e  f u ng a l  growth on the outs i de of the  grai n ;  the correspond i ng 

l ower i n s i de counts wh i ch were s t i l l  comparat i ve l y  h i gher  th an  those 

o bta i ned from hea l thy gra i n cou l d  s i gn i fy funga l  i nv a s i on to the 

i ns i de of  the gra i n .  I t  i s  a l so pos s i b l e  t hat there was a fa i l ure  to 

ach i eve comp l ete surface ster i l i s at i on when gr a i n  t i s s ues were heav i l y 

i nvaded by fung i . The same exp l anat i on  co u l d a l so app l y  to  the s ub­

st ant i a l  i n s i de counts  of two other mou l dy s amp l es ,  F1 and F4 . 

Th u s  i t  can be conc l uded from these  stud i es of v i ab l e  counts  that 

a )  l ow o u ts i de counts  comb i ned wi th l ow i n s i de coun t s ,  t h u s  l ow tota l  
counts , ref l ect absence of mou l d i ness ; b )  h i g h O . C .  i nd i c ates funga l  

i nvas i on on  t he  outer grai n surfac e s ,  a nd  c )  I . C .  > O . C .  i nd i c ates 

funga l  i nv a s i on ma i n l y  on  i n ner s u rfaces and hence gros s spo i l age . 

The i so l at i on of a d i verse fung a l  f l or a  from the  b ar l ey gra i n i n  

the present  st udy ( Append i x  3- 1 ) was not u nexpected as a w i de spectrum 

of fung i h a s  been recorded i n  b ar l ey gra i n from var i ou s  sources ; ( at 

or  soon after harvest - F l ann i ga n ,  1 970 ; C l arke and H i l l ,  1 98 1 ; from 

commerc i a l s i l os - F l an n i ga n ,  1 969 ; Abde l -Kader et �. , 1 9 7 9 ;  E l -Kady 

et �. , 1 982 ; from markets - Abde l Hafez and Abde l -Kader ,  1 980 ; Abde l  

H afez , 1 984 ; and from farm storage of mo i s t grai n - H i l l  and C l ark e ,  

1 980 ; L acey,  1 981 ) .  The bar l ey m i crof l ora  represented the  broade st  

spectrum of genera and  spec i es recorded amongst four  cerea l  gra i ns  

( wheat , b ar l ey ,  s orghum and ma i ze )  i n  Saud i Arab i a ( Abde l - H afez , 

1 984 ) . 

Of th e fung i i so l ated from l oc a l l y- grown bar l ey at h arvest , most  

were i de n t i f i ed as f i e l d fung i . A l tern ar i a ,  espec i a l l y � a l ternat a ,  

C l adospo r i um,  Aureobas i d i um and F u sar i um were present i n  1 00% of the  

gra i n  s amp l es .  M u l i nge and Chesters  ( 1 9 70 )  and C l arke and H i l l  ( 1 98 1 ) 

h av e  a l so  reported the domi n ance of f i e l d fung i i n  fres h l y-h arvested 

bar l ey g r a i n  g rown i n  the U . K .  These i nvest i gators t ogether  wi th  

F l a nn i g a n  ( 1 96 9 ,  1 970 )  who stud i ed the  mycof l ora of d r i ed b ar l ey gra i n 

soon after h arvest , a l so i n  the · U . K . , found the funga l  propagu l es of 

A l ternar i a tenu i s  � a l ternat a ) , C l adospor i um c l adospor i o i des , 
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C l ados por i um herbarum, Aureobas i d i um p u l l u l an s  and Ep i coccum to be 

among s t  the mo st  abundant co n s t i t uents of the b ar l ey mycof l o r a .  How­

eve r ,  Tu i te and Chr i sten sen  ( 1 95 5 )  found that A l ternar i a ,  
C l ado spor i um ,  F u s ar i um and Geotr i chum were often present i n  l arge 

n umbers  but A ureobas i d i um and E p i cocc um were not common l y  found on  

b ar l ey,  espec i a l l y  that from the dr i er r eg i ons of t he  U . S . A .  

Several  i nvest i gators i nc l ud i ng C h r i stensen and h i s  co l l eag ues  

( Tu i te and  C h r i stensen , 1 95 5 ;  Kothe i mer and Chr i stensen , 1 96 1 , c i ted 

by F l ann i g an , 1 969 ; L utey and C h r i sten sen , 1 96 3 ;  C l arke et �. , 1 966 ; 

a nd F l ann i ga n ,  1 9 74 ,  1 9 78 ) were uns ucces sfu l  i n  i sol at i ng storage 

fung i from bar l ey at harves t .  However , these fung i were reported to  

exh i b i t  a sporad i c  presence i n  l ow n umbers among st  the  new l y- h arvested 

b ar l ey exami ned by C l arke and H i l l  ( 1 98 1 ) .  I n  contras t ,  i n  the gra i n 
exam i n ed at h arvest i n  the present study the two we l l - known storage 

fung i Aspergi l l u s  and Pen i c i l l i um were found to occur  i n  40% and 60% 

respect i ve l y  of the samp l es exami ned . 

F u rther ev i dence h as been prov i ded i n  severa l  stud i es to  confi rm 

the  observat i on s  t hat some storage fung i c an contami nate crops  both i n  

t he  f i e l d  and d ur i ng harvest .  One examp l e was the  work of F l ann i gan  

( 1 97 8 ) ,  who enco untered a h i g h i nc i dence of Pen i c i l l i um spec i es and 

Aspergi l l us spec i es ( predom i n ant l y �  gl aucus ) by ' p l at i ng '  who l e 

g r a i n s  of h and - h arvested and comb i ne - h arves ted b ar l ey i n  Scot l and . 

Th i s  author ' s  resu l ts i nd i c ated th at  vegetat i v e p l ant p arts were 

d i s t i nct  sources of pr i mary contami n at i on of bar l ey by storage fung i . 

The  f a i r l y  regu l ar presence of the P en i c i l l i a  i n  the samp l es exam i ned 

i n  t h e  present i nves t i ga t i on was not  s u r pr i s i ng as some i nve st i gators 

( M i s l evec and Tu i te ,  1 9 70 ) h ave found from many years of i so l at i ng 

Pen i c i l l i a  from corn t hat Pen i c i l l i um spec i es cou l d be c l a s s i f i ed i nto  

t h ree  c ategor i es :  

1 .  F i e l d  Pen i c i l l i um P .  ox a l i cum ,  � fun i cu l osum,  � cyc l op i um, 
� v ar i a b l e ,  � c i tr i n um 

2 .  S torage P en i c i l l i um :  P .  cyc l op i um ,  P .  brev i -compactum ,  P .  

v i r i d i c atum , P .  pa l i tans  
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U n a s s i gned Pen i c i l l i um ( ones wh i c h are i so l ated too 

i n  corn to be recogn i sed as be l o ng i ng to e i ther  one of 
i nfrequent l y  

the  above 
c ategor i es ) : P .  frequentans , P .  chrysogenum ,  p .  

purpurogenum ,  P .  expan s um ,  � urt i cae , P .  

puberu l um ,  P .  d igi t atum ,  � steck i i ,  P .  

j anth i ne l l um ,  P .  char l e s i i ,  � i mp l i catum ,  

P .  l uteum , � gran u l atum , � mu l t i co l or .  

The present  i sol at i on o f  n umerous storage fung i  ( s pec i es of 
( Pe n i c i l l i um ,  Aspergi l l u s , Mucor , Arthr i n i um ,  Geotr i chum and 

Scopu l ar i ops i s )  from stored d r i ed gra i n agrees wi th the f i nd i ngs  of 

other authors that a number of suc h fung i wi th vary i ng frequenc i e s can 

b e  obta i ned from dr i ed b ar l ey gra i n st ored under d i fferent  cond i t i ons  

( F l ann i g a n ,  1 969 , 1 9 70 ; E l -Kady et �. , 1 982 ; Abde l - H afez , 1 984 ; 

Ab de 1 - K ader � �· , 1 9 7 g ) . These authors h ave  a l so recovered fi e l d  

fung i from the i r  stored gra i n ,  a l bei t at l ower frequenc i es .  

Storage fung i become consp i cuous  i n  i s o l a t i on  from s tored gra i n 

d u e  to : 

a )  i nc reas i ng numbers a s  a res u l t o f  i nc i p i en t  and overt growth under 

the  var i ous  cond i t i ons  of storage ; 

b )  dec l i nes i n  the prev i ous l y  l arge numbers of act i ve f i e l d  fung i , 

wh i c h tend to prol i ferate qu i ck l y  on i s ol at i on med i a . 

The v a r i ous  groups of t he  Asperg i l l i  h ave  th e i r  own def i ned l ower 

l i m i t of mo i s t ure content be l ow wh i c h no  growth occurs , and the groups 

i so l ated were noted to  occur  wi th d i ffer i ng frequenc i es from bar l ey 

s amp l es at h arvest and from s torage samp l e s .  � fumigat u s , � f l avus  

and  A .  gl aucus  were i so l ated from a l l t he  s amp l e s stud i ed i n  th i s  

i nv e st i gat i on .  Of the  3 spec i es ,  � fumigatus  h ad the  h i ghest  occur­

rence  i n  these  samp l es .  Abde l - Hafez and  Abde l -K ader ( 1 980 ) a l so found 

i t  t o  be  the h i ghest-occurr i ng  c e l l u l ose-decompos i ng fung u s  co n tami n a­

t i ng b ar l ey gra i n .  Warnoc k ( 1 9 7 1 ) and E l - K ady ( 1 982 ) found A .  

f um igatus  to  be extreme l y  frequent  i n  b ar l ey gra i n  and  i n  add i t i on 

H u s s e i n ( 1 983 ) found h i g h frequenc i es i n  mou l dy farm b ar l ey .  

T he  A .  f l avus group was found to  r a n k  second i n  order of 

frequency i n  the bar l ey gra i n  exam i ned , as i t  d i d i n  the  stud i es of 

E l - K ady ( 1 982 ) ,  but H u s s e i n ( 1 983 ) found i t  to be the most frequent  
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Aspergi l l u s from d i l u t i on p l at i ng of farm- s tored grai n .  F l ann i gan  
( 1 969 ) i so l ated � f l avus  at  l ow frequency from d r i ed gra i n s tored for  

one month . A l though  the � f l avus group of fung i h as been i so l ated 

from other  cereal g r a i n ,  i n  part i cu l ar decayed gra i n or gra i n i nfect ed 

by i n sects  at harvest  or  i n  the  f i e l d  ( L i l l e hoj et �. , 1 97 5 ,  1 9 76 , 

1 97 7 ;  Hesse l t i ne et �. , 1 981 ) ,  the  members of th i s  group requ i re a 

m i n imum mo i s ture content  of 1 7 . 5% to grow i n  cereal  gra i n  du r i ng 

storage ( C hr i stensen a nd Kaufmann ,  1 9 74 ) . The i r  i sol at i on from both 

n . s . s .  a nd s . s . gra i n  qt harvest was an i nd i c at i on of the h i gh l eve l s 

i n  the  f i e l d env i ronment and th i s  wou l d  l ater  on  determi ne th e i r  
occurrence upon subseq uent  storage . 

E ven  though � gl aucus was i so l ated from gra i n at h arvest and 

after s torage i n  the co l d ,  i n  th i s  st udy i t  was not  fo und from s . s . 

g r a i n from these s amp l e s .  Th i s  i nd i cated th at � gl aucus was l i ke l y  

t o  be a s u perfi c i a l contami nant  i n  fresh l y- h arvested gra i n  and had not  
penetrated the  i n ner gra i n t i s s ues even  after co l d storage . However , 

i t  was frequent l y found i n  g r a i n stored for 9 months at amb i en t  

temperat ure and i n  farm s i l o s ,  and i n  these s amp l es ,  A .  gl aucus was 

i so l ated from the i n s i de surfaces of the  g r a i n s .  Th i s  part i cu l ar 
group together w i th  the A .  restr i ctus  group are notor i ous age nts of 

i nc i p i ent  deter i orat i on and spo i l age  i n  s tored gra i n ( Ch r i stensen  and 

K aufmann ,  1 974 ) .  

Other  As perg i l l i  assoc i ated w i th the  g r a i n  stored u nder the  
cond i t i on s  descr i bed i n  th i s  c h apter i nc l uded the  A .  ves i co l or ,  A .  

n i du l ans , A .  cand i d u s  and A .  restr i ctus  groups . F l an n i gan  ( 1 969 , 

1 9 70 ) i s o l ated on l y  l ow numbers or  none of these  fung i on PDA p l ates 

i ncubated at  25°C conta i n i ng n . s . s .  and s . s .  d r i ed b ar l ey kerne l s .  

The f a i l u re to i s o l ate  these Asperg i l l i  was d ue  to  the  short  per i od 
( o ne month ) the  g r a i n s pent i n  storage . I n  t h e  present study ,  A .  

v es i co l or j u s t  appeared after 5 months i n  commerc i a l storage and t h e  

other two groups of  Asperg i l l i  o n l y  appeared after a further 4 month s 

i n  storage s i l o s .  When storage cond i t i ons  were conduc i ve to funga l  

g rowth , a s  found i n  sorne farm s i l o s ,  those  fung i co u l d b e  i s o l ated 

from t he  gra i n after 6 months i n  s torage . 

The  h i gher temperature ( 37 °C )  at wh i ch s ome of the  p l ates i n  

these  s t ud i es were i ncubated appeared to favour  the i so l at i on of 
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storage fung i  and thermotolerG�nt fung i from the  bar l ey gr a i n ( Tab l e 3 -

4 )  wh i ch m i ght oth erwi se have  been i nh i b i ted by l arge numbers  of 

compe t i ng mesoph i l i c fung i  wh i ch wou l d have grown at 25°C .  The absence  
of l ow n umbers of Abs i d i a , s ome Aspergi l l u s s pec i es ,  Scopu l ar i ops i s  

and P aec i l omyces from gr a i n at h arvest perh aps demonstrated t h i s  
effect . Many of t he  fung i  i so l ated at 3 7°C i n  the  p resent s tud i es were 

found amongst the  l i s ts  of t hermoph i l i c fung i i so l ated from s tored 

bar l ey by Mu l i nge a nd Api n i s  ( 1 969 ) , F l ann i g a n  ( 1 96 9 )  and Mu l i nge  and 

Chesters ( 1 9 70a ) . 

3 . 4 . 1 .  Loc at i on and I d ent i f i cat i on of F u ng a l  P ropag u l es on  Gra i n  

S pores , myce l i um ,  fr u i t i ng bod i es ,  sc l erot i a  and yeast c e l l s  were 

found on both s urfaces of non-s urface s ter i l i sed gra i ns and p art i cu ­

l ar l y  on  t h e  i n ner s urfaces of t h e  surface-ster i l i s ed gra i ns . 

M i croscopy of s t a i ned bar l ey husks  of s . s .  and n . s . s .  gra i n s h as 

confi rmed the  presence  and l o c at i on of myc e l i um on and i n  these  s truc­

t ures . Suc h myce l i um h as been  reported by  other i nvest i gators work i ng 

on  b ar l ey fr act i ons  of  before- h arvest s amp l e s ( M u l i nge and Ap i n i s ,  

1 969 ) , and storage s amp l es ( Tu i te and C h r i stensen , 1 95 5 ; Mu l i nge  and 

Chester s ,  1 9 7Gb ; and Husse i n ,  1 983 ) . The myce l i um was genera l l y  more 

abunda n t  on the  i n ner surfaces of l emma and pa l ea  ( Tu i te and 

Chr i s t ensen , 1 955 ) ,  and i n  t h e  case of n . s . s .  " c l ean "  g r a i n s ,  i t  was  

most concentrated at t he  two end s of  the  g r a i n ( Hu s se i n ,  1 983 ) ; i n  the  

present  st udy i t  a l so abounded where prom i nent  s tructures ex i s ted to  

serve  as " anchor s "  for the myce l i a  1 s t rand s .  At harvest  o r  i n  t h e  

f i e l d ,  s pores depos i ted on the  i n ner a n d  o u ter  surfaces of  the  l emma 

and p a l ea may germi n ate but  norma l l y  do not  penetrate deep l y  i nto  the  

gr a i n t i s s ues and  t he  caryopses ( F l an n i g a n ,  1 970 ; Warnoc k ,  1 9 73 b ) . 

The re l at i ve humi d i ty or mo i sture l ev e l  d u r i ng g ra i n dev e l o pment and  

h arvest  i s  the  p r i nc i pa l  factor th at c h ec k s  funga l  i nvas i on of the  

c aryopses ( Mart i n  and G i l m an , 1 9 76 ) .  

S i mi l ar c i rcumst ances cou l d app l y  i n  the  case  of gra i n s tored 

u nd e r  the  var i ou s  cond i t i ons  s t ud i ed h ere . Gra i n proper l y  s tored d i d  

not  s how i nter n a l  fung a l  i nv as i on a s  n o  myce l i um was detected i n  

the i r c aryopses , b u t  gr a i n exposed t o  ad verse storage cond i t i on s  and 

e s pe c i a l l y  to  h i gher  moi sture  l eve l s  d i s p l ayed myce l i a l penetrat i on  
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deep  i nto the  t i s s ues . A l so fung a l  myce l i um wou l d  s pread a nd 

eventua l l y  env e l ope  the  who l e grai n .  

I t  wou l d not  be con s i dered unus u a l  for a sma l l er r ange of fung i 

t o  b e  i sol ated from c u l t ur i ng washed b ar l ey t i s s ues ( Tab l e  3-6 ) t h an 

from d i l u t i on p l a t i ngs  of the  s upernatants  from s h ak i ng b ar l ey 

frac t i on s  i n  a l i q u i d  med i um (Tab l e  3 -3 ) .  The funga l  s pec i e s i s o l ated 

from c u l t ured h u s k s  and caryopses mu st  most l y  represent the  fung i 

wh i c h h ave managed to l od ge themse l ves  on  these  b ar l ey fract i on s  and 

s u b seq uent l y  co l o n i se them ,  wh i l s t d i l u t i on p l at i ng of s u pernatants  

w i l l  d i s c l ose ma i n l y  the l oo se ly  attached , v i ab l e  propag u l es .  

Another reason wh i c h cou l d contr i bu t e  to the sma l l er funga l  

v a r i ety after th e p l at i ng of  bar l ey t i s s ue i tse l f  i s  d ue  to  the  

l i m i t at i ons of the  p l at i ng method . F u ng i wh i c h do  not need much  
coax i ng to grow and  are  rap i d  s preaders  soon  s u ppress the  appearance 

o f  the  s l ow and l ate starter s ,  obv i ou s l y  l e ad i ng to the decreased 

i so l a t i ons  of  the  l ater fung i . One pos s i b l e  way to overcome th i s  i s  

t o  u s e  d i fferent  method s of i so l at i on ,  i nc l u d i ng i ncu bat i on at 

d i fferent temperatures  on d i fferent med i a . 

Ec hoi ng the  resu l t s  ear l i er obt a i ned from d i l u t i on p l at i n g ,  t he  

present  attempts  i n  cu l t ur i ng washed b ar l ey fr act i ons al so  produced 

p redomi n ant l y  f i e l d  fung i , espec i a l l y  from those  of 1 1 C l ean 1 1 gr a i n .  

A l l t h e  s amp l es s howed the  presence of A l ternar i a on both i n ner and 

outer  s urfaces of h u s k s  and al so  the caryopses , and other s ,  s u c h  as 

Drec h s l er a ,  C l adospor i um and Aureobas i d i um were a l so fa i r l y  abundant  

o n  these  t i s s ues . These  observat i on s  s u pport those  of C h r i stensen  

( 1 95 1 , 1 965 ) and C h r i stensen  and Ka ufmann  ( 1 969 ) who i dent i f i ed the  

f ung i from dormant myce l i um i n  dr i ed wheat  husks  and r anked t h em i n  

t he  fol l owi ng o rder of frequency : A l ternar i a , Aureobas i d i um ,  
C l adospor i um ,  H e l mi nthospor i um and F u s ar i um . S i mi l ar observat i ons  

were  a l so reported by  Mu l i nge and  Chesters  ( 1 9 70a ) who obt a i n ed h i gh 

freq uenc i es of A l ternar i a ,  C l adospor i um and F u s ar i um from h u s k s  and 

c aryopses  of g r a i n at  h arvest  and somewh at  decreased frequenc i es of 

the s ame genera fo l l owi ng  s torage .  

T h e  present  s t ud i es a l so s upported t h e  f i nd i ngs  of Mu l i nge  and 

C he s ter s  ( 1 970a ) and Tu i te and Chr i stensen  ( 1 955 ) that storage fung i 
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i nfrequent l y  co l o n i se  gra i n husks  or c aryopses  of gra i n  at h arve s t ,  

b u t  a not i ceab l e  i ncrease  i n  frequency of  i s o l at i on from bar l ey gra i n 

s tored at amb i ent  temperature was common . These fung i were a l s o  found 

by Mazen et �· ( 1 984 ) i n  the  l emma and pa l e a  of the i r s tored wheat 

gra i n .  

Pen i c i l l i um spec i es were l od ged or e s tab l i shed o n l y  on  t he  

s uperfi c i a l s u rf aces of  the grai n fract i ons exam i ned i n  t hese  s t ud i es 

a nd o n l y  after prol o nged storage at amb i ent temperature . Cond i t i on s  

p robab ly  a l l owed fung a l  grow th to  appear o n  c u l t ures o f  i n ner h u s k  

s urfaces . The  hyal i ne hyphae observed e spec i a l l y  i n  h u s k s  of mou l dy 

gra i n were l i ke l y  to be t hose of Pen i c i l l i um and As pergi l l u s .  

Aspergi l l u s  spec i es ,  on t he  other h and , were o n l y s urface 

contami nants of the g ra i n co l l ected after 5 months ' storage , b u t  

penetrated i n to  the i n ner husk  s urfaces i n  gra i n stored at  amb i ent  

temperature for  6 month s  or more .  Th i s  pattern of occurrence 

d i s p l ayed by Aspergi l l u s  and Pen i c i l l i um spec i es h a s  a l so  been 

observed by Mu l i nge and Ap i n i s  ( 1 96 9 )  to be mos t l y  confi ned to  h u s k  

t i s s ues  at  t h e  outset of storage o f  hea l thy gra i n .  I nv a s i on of t he  

g ra i n t i s s ue s  o n ly  occurred after pro l o nged storage , 

s e l f-heat i ng h ad occu rred or when th ere was act i ve 

( Hu s se i n ,  1 983 ) . 

e s pec i a l l y  when 

f u nga l  growth 

It was not unexpected to obta i n funga l  co l on i es from a l l t h e  

c aryops i s  sect i on s  as d i l u t i on p l at i ng counts  h ave  shown t he  exi stence  

o f  fung i i n s i de the h u s k . Some of these  fung a l  propag u l e s  mus t  h av e  

att ac hed thems e l ves to t h e  s urface of the  caryops i s ,  espec i a l l y  i n  t h e  

exce l l ent  s i te s  prov i ded  by  depres s i on s ,  crev i c es and o ther 

s u rfaces on  the  caryop s i s .  Th i s  h as been supported 

o b servat i on s  of  funga l  growth from the  ventra l  crease areas  

uneven 

by the 

of the 

T . S . , espec i a l l y  those  from n . s . s .  gr a i n .  A l s o ,  b ar l ey h u s k s  are 

f a i r l y  f i rm l y attached to the  c aryops i s  ( Pcmeranz � �. , .1 978  

wh i ch cou l d  m ak e  the comp l ete remova l  of  a l l h u s k  t i s s ue s  d i ff i cu l t ,  

because  h u s k  t i s s ue i s  we l l s upp l i ed wi th  funga l  i nocu l um ,  fu n ga l  

c o l o n i es ar i s i ng from c aryops i s s ect i on s  bear i ng s uc h  t i s s ue wou l d  n o t  

b e  d i ffi cu l t  t o  i mag i ne .  
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Thu s  the  fung i i so l ated from c aryops i s  sect i ons wi l l  c l o s e l y  
r esemb l e  those  o f  husk  t i ssue s .  None o f  them act ua l ly  penetrated i nto  

the  caryops i s  t i ssues  except in  the  c ase  of mou l dy grai ns  as ev i dent 

from mi croscop i c  observat i ons  of caryops i s  t i ssue  from d i fferent 

s o urces . 

3 . 4 . 2 .  Chang i ng Leve l s  of Funga l  F l ora D ur i ng Storage 

Decreas i ng co l o ny formi ng un i ts fo l l owi ng commerc i a l storage of 

d r i ed bar l ey at M i l l  B ,  one of the  sources of the grai n s amp l es u s ed 

i n  the present i nves t i ga t i on s ,  co u l d be  due to  two reason s .  F i rs t l y ,  

the  effec t i veness  of  t he  compound used i n  prevent i ng gr a i n  damage from 

m i te and i n sect i n festat i ons and su b seq uent  funga l  i nvas i on ;  second l y , 

the  we l l -mo n i tored s i l o  cond i t i ons  under wh i c h the gra i n was he l d  
decreased the  opportu n i t i es of i ncreas i ng mo i st ure l eve l s i n  pockets  
o f  the  gra i n and  consequent  heat i ng of the gra i n and  fun ga l  spo i l age . 

The absence  of co l l apse of s uc h  preventat i ve measure s ,  even for a 

s hort per i od , wo u l d l ead to h i gh l ev e l s of v i ab l e  fung a l  u n i t s from 

res u l t i ng fung a l  act i v i t i es as  occurred i n  the case  of Samp l e  AS after 
9 months ' storage  i n  an  un aerated s i l o  at  M i l l  A .  

The decrease i n  recorded v i ab l e  f u n g a l  u n i ts o f  stored gr a i n  from 

the  t i me of h arvest may pr i nc i pa l l y  be attr i buted to the  s i gn i f i c ant  

d ec l i ne i n  v i ab i l i ty of the l arge popu l at i on s  of f i e l d  fung i found on  

b oth the  i n s i de and  outs i de of gra i n at harvest .  M u l i ng e  and  Chesters  

( 1 970a ) s ug gested th at the  storage s urv i v a l  of these  fung i was 

d ependent  on  the  mo i s ture content of the i nfected mater i a l . Spec i es 

o f  Fus ar i um and He l m i n t hospor i um ,  for examp l e , h ave  been k nown to d i e  

r ap i d l y  d u r i ng storage of dr i ed bar l ey at 1 2% mo i sture content  and i n  

t emperatures not  exceed i ng 30°C ( L u tey and Chr i stensen , 1 963 ) . The 

r ate of l o s s  of  v i ab i l i ty by Fusar i um and C urvu l ar i a  was a l so  found i n  

t h e  present  s t udy to  i ncrease wi th the  l ength of storage . 

Another  factor wh i ch i nd i rect l y  contr i b uted to the res u l t an t  drop  

i n  C . F . U .  d u r i ng storage was  the absence of  act i ve pro l i ferat i on of  

t h e  l ow n umbers of s torage funga l  propag u l es a l ready present  i n  the  

s amp l es at h arvest . The  i nfect i on percent age of mo i st b ar l ey gra i n 

s t ud i ed by Jorge nsen ( 1 974 ) showed a t endency to  decrease  fo l l owi ng  1 0  
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week s of storage and then i ncrease after 40 week s of s torage . I n  
contras t ,  i n  b ar l ey conta i ni ng l ow mo i sture contents of 1 3 . 9  t o  1 5 . 9% ,  

i nfect i on was found t o  s l i ght l y  i nc rease after 40 weeks  o f  s torage , 
b u t  no  i nfec t i on by Pen i c i l l i um was recorded for gr a i n  w i th mo i st ure 

content equa l  to or l ess  than 1 6 . 4% .  

A s tudy of t h e  mycof lora  o f  gr a i n  kept  i n  the col d a t  h arvest  

t i me c o u l d prov i de the c l u es to t he  sma l l decrease i n  the  counts  
ob served i n  gr a i n  h e l d cont i n uous l y  i n  the  co l d for 9 mon th s .  Co l o -

n i es from d i l u t i on p l ates and c u l t ured bar l ey t i ss ues have shown a 

strong resemb l ance between the  k i nd s  of fung i i so l ated from co l d -

stored g r a i n and from the  same gr a i n  samp l es at h arve st . 

ob serv a t i o n s  i t  co u l d  be deduced that  the  domi n at i ng 
From th ese 

f i e l d  fung i  
as soc i ated wi th fresh l y- h arves ted gra i n  were ab l e  to surv i ve for 

l o nger per i od s i n  t h e  co l d ( L u tey and Chr i stense n ,  1 963 ; C l arke et 

�. , 1 968 ) t h an at amb i ent temperature . A l s o ,  the gra i n exami ned was 

kept i n  we l l - sea l ed bags wh i c h a l l owed the  reten t i on of mo i sture 

content  c l o se to  the  l eve l  at h arve s t . These h i gher mo i sture content 
l eve l s  encouraged th e surv i va l  of the  ex i s t i ng fung a l  spec i es .  

The d rop  i n  th e i n s i de v i ab l e  counts t o  s i mi l ar l eve l s as gr a i n 
k ept at  amb i ent temperature cou l d be cau sed by the ad verse gaseous  

c hanges d ue  to restr i cted ai r movements wi th i n  the  re l at i ve l y  smal l 

s p ace enc l o sed by the  husks  and caryopses . The seal i ng of b ag s  i n  

wh i c h t h e  gra i n was kept  probab l y  d i d  not  f ac i l i tate the  remova l  of 
g ases s uc h  as co2 , s o  a l l owi ng them to reach  h armfu l concentrat i on s .  

Nor d i d  t he  bags a l l ow a cont i n ued supp l y  of  o2 necess ary for funga l  

t i ssue l o ngev i ty .  

A l t h ou g h  many funga l  spec i es i s ol ated at h arvest co u l d s t i l l  be  

i so l ated from gra i n k ept seal ed at room temperature ,  the  v i ab l e  counts  

recorded for th i s  gr a i n after  9 months • s torage were extreme l y  l ow 

compared w i th the s ame s amp l es  s tored under other cond i t i on s .  The l ow 

mo i sture  con tent i n  th i s  l aboratory- s tored gr a i n perhaps h i ndered the  

s urv i va l  ab i l i ty of many fi e l d  fung i and prevented the growth of the  
s torage f u ng i , b u t  th i s  poss i b i l i ty a l o ne  was n ot s uffi c i ent  to pro­

d uce  t h e  d ras t i c  drop  i n  numbers . One other p l aus i b l e  exp l an at i on i s  

t h at n ormal  rates o f  respi rat i on and other met abol i c  act i v i t i es cou l d 

s t i l l  b e  purs ued by both g ra i n  and funga l  propag u l es  at room 
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temperature .  Th i s  co u l d rap i d l y  l e ad to undes i rab l e  gaseous compos i ­

t i on i n  the  i ntergranu l ar atmosphere of such  gra i n when kept  sea l ed 

for pro l o nged per i od s ,  wh i ch eventu a l l y  wou l d  l e ad to  decreased funga l  

v i ab i l i ty .  Y e t  another pos s i b i l i ty i s  t h e  ad verse effects o n  funga l  

v i ab i l i ty from t h e  ac cumu l a t i on i n  t h e  enc l osed atmosphere o f  vapor­

i s ed fumi gants  and other chemi c a l s u sed on the  g r a i n before or at 

h arves t .  

Con s i derab l y  h i g her v i ab l e  counts of  farm- s tored gra i n re l at i ve 

to  the  tota l  v i ab l e  co unts from the  other gr a i n s amp l es i nd i c ated t h at 

the  f u n ga l  propag u l es present on  th i s  gra i n  must h ave  i nc reased dur i ng 

the  s t orage per i od .  Th i s  was ev i dent  from the  l arge i ncrease i n  the  

i n s i de counts  represent i ng fung a l  growth and  i nvas i on of the  deeper 

gra i n t i s s ues . Add i t i ona l  ev i dence was a l so prov i ded by the  

mi croscop i c  ob servat i ons of abund ant  myce l i um i n s i de h u sk  and  c aryop­

s i s  t i s s ues  i n  some s amp l es .  

H i l l  and 

1 2 . 5- 1 4 . 4% and 

i nvaded  by � 

L acey ( 1 983 )  con s i dered t h at at mo i s ture contents of 

at amb i ent temperature s ,  stored bar l ey i s  s l ow l y  

rest r i ct u s .  Abov e 1 4 . 4% � gl aucus  beg i n s to  grow and  

t he  process  of de ter i orat i on qu i ck l y  gathers momentum ,  c u l m i n at i ng i n  
the  appearance of thermoto l erant  and t hermoph i l i c  fu ng i at moi st ure 

contents  exceed i ng 1 7 . 2% .  Thus the  i nvas i on of farm- stored gr a i n  by 

t he  g rowth of the  ex i s t i ng popu l at i on of storage fung i was not  

u nexpect ed , espec i a l l y  as t he  gra i n  was l o aded i n to unaerated s i l o s  at  

mo i st ure content  of  about 1 4% .  Dur i ng the  course of  storage , th i s  

g ra i n was  l eft v u l nerab l e to  env i ronmenta l  change s . 

I n  the  present study, a s h arp  demarcat i on between f i e l d  fung i  and 

s torage  fung i cannot  be d i s t i ng u i shed , for many so-ca l l ed f i e l d fung i 

s uc h  as A l tern ar i a ,  C l adospor i um and Aureobas i d i um were i s o l ated at 

h i g h frequenc i es from stored s amp l es .  A l so ,  typ i ca l  storage fung i 
s uc h  as Pen i c i l l i um and Aspergi l l us were  present i n  g r a i n at  h arvest  

a l t hough  they l ater became p romi nent as  storage p rogres s ed . 

P at terns of funga l  s ucces s i on i n  t h e  dr i ed s tored b ar l ey ana l ysed 

i n  t h e  present  s t udy d i d  n o t  c l o s e l y  fo l l ow t he  defi n ed p h ases of 

m i crof l or a  deve l o pment i n  mo i st barl ey as descr i bed by C l arke et �­
( 1 96 6 , 1 969 ) . They were s i mi l ar to the funga l  s uc c es s i o n s  ob served by 
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S p i l l a ne  and Pe l h ate ( 1 982 ) i n  mo i st b ar l ey stored under  we l l ­

contro l l ed cond i t i on s .  

I n i t i a l l y ,  fi e l d  fung i  domi nated t h e  funga l  f l ora o f  gra i n  at 

h arve s t . Du r i ng storage , these  fung i dec l i ned i n  v i ab i l i ty l ead i ng to 

l ow v i ab l e  counts i n  bar l ey exam i ned after 5 month s ' storage . A 

r ap i d  i ncrease  i n  the  l o s s  of v i ab i l i ty fol l owi ng more t h an 5 mont h s  

of  cont i nuous  storage res u l ted i n  even l ower v i ab l e cou nts  i n  gr a i n  

exam i ned after  9 month s .  

O n  the other hand , s torage fu n g i  wh i c h were present at l ow l eve l s 

i n  g r a i n  at h arvest were enco untered at i nc reas i ng frequenc i es i n  

commerc i a l l y- s tored gr a i n ,  wi th res pect to the i r l ength of s torage , 

b u t  myco l o g i c a l  cu l ture and m i crosco p i c  exami nat i ons of the  gr a i n  
s howed that t he  storage fung i ex i sted mai n l y  as spores and d i d  not  

i nvade  deep gra i n t i ssues . O n l y  i n  the case of farm-s tored gra i n 

wh i c h  was not  kept  i n  we l l -contro l l ed storage cond i t i on s ,  d i d  t he  

st orage fung i prol i ferate a nd  cause  gross spo i l ag e .  

Thus t he  ph ases of fung a l  succes s i on i n  the  stored bar l ey j u s t  

d e s c r i bed were not d i s t i nct , n o r  were they mutua l ly  ex c l u s i ve as 

s uggested by C l arke et �· ( 1 966 , 1 969 ) . Both  mesoph i l i c and 

t h ermotolerant spec i es were amongst  the fung i i s o l ated from a l l t he  

gr a i n samp l ed from the 6 d i fferent source s .  Wh i l e  t h e  s torage fung i  

were  i sol ated w i th i ncreas i ng frequenc i e s from dr i ed stored gra i n ,  i t  
s eemed that t he  dec l i n i ng v i ab i l i ty of f i e l d  fung i  never act u a l l y  l ed 

t o  t h e i r  comp l ete d i s appearance even after 9 months  of s torage at 

amb i e n t  temperature , nor were t hey comp l ete ly  subst i t uted by storage 

fung i i n  damaged gra i n .  

Thus  a s sessments o f  the n umbers and k i nds  of v i ab l e  fung i conta­

m i n at i ng both i n s i de and outs i de surfaces of bar l ey gra i ns  c an enab l e  

t h e  c o nd i t i ons  of the st ored gra i n to be determi ned and prov i de us ef u l  

i nformat i on o n  the i r storage cond i t i on s .  S u c h  i nformat i on cou l d  he l p 

i n  p revent i ng fungal  s po i l age  and pos s i b l e  tox i n format i on by any of 

t h e  p otent i a l l y  tox i c  funga l  spec i es present . 
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Acremoniella  atra 

Absidia spp. 

A l t e rna ria spp 
A .  alte rnata 

A .  c i t r i  

A r th rinium spp. 

A. state o f  

A p i ospora montagnei 

Ascoc hyta sp.  

A u reobasidium 

pullulans 

B otrytis cinerea 

C ephalosporium spp. 

Chaetomium spirale 

Chaetomium sp.  

C h rysosporium spp.  

C ladosporium spp.  

c .  clad o sporioides 

c .  herb a rum 

c .  spha erospermum 

C u rvularia spp. 

c .  prasadii 

D rechslera spp. 

D .  coicis 

D .  poae 

D .  state o f  

Cochl i obolus sativus 

E picoccum nigrum 

Fusa rium spp. 

F .  acumi natum 

F .  avenaceum 

F .  culmorum 
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Asperg i l lus spp . 

A .  ca ndidus 

A .  clavatus 

A .  fumiga tus 

A .  glaucus 

A .  nidulans 

A .  nige r 

A .  rest r i ctus 

A .  t e r reus 

A .  vesicol o r  

A .  fl"v""' - otyza.e 
Penici l l ium spp. 

P .  adame t z i  

P .  b r ev i-compact um 

P .  canescens 

P .  chrysogenum 

P .  c i treo-vi ride 

P .  c i tr inum 

P .  commune 

P .  cyclo p i um 

P .  decumbens 

P .  d i g i t a t u m  

P .  f r equentans 

P .  herquei 

P .  j anthinellum 

P .  l i lacinum 

P .  lu teum 

P .  n i g r icans 

P .  notat um 

P . oxal icum 

P.  pax i l l i  

P .  puberulum 

P .  pu r p u r ogenum 

P .  r a i s t r i c k i i  
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P enicil l i um spp. 

P .  ramige na 

P .  rest rictum 

P .  roque forti 

P .  rub rum 

P .  rugulosum 

P .  thorni i 

P .  variable 

P .  viridi catum 

U nknown s pecies 
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CHAPTER 4 

FUNGAL MYCEL I UM ASSOC IATED W ITH BARLEY  GRAI N 
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4 . 1 .  I NTRODUCTION 

It i s  we l l  known that  fung a l  hyphae are present i n  most  of the  

popu l ar hu l l ed cerea l  gr a i n s grown i n  the  wor l d .  de l Prado and 

C h r i stensen ( 1 952 ) and Tak a h ash i � il· ( 1 984 ) found fun ga l  myce l i um 

i n  the h u s k s  and kerne l s of r i c e .  Hyde ( 1 950 )  found s u b-ep i dermal 

myce l i um i n  near l y  1 00% of 11 C l ean 11 wheat gra i n  c o l l ected from the  

wor l d ' s  major wheat - growi ng areas . Tu i te and  C h r i stensen ( 1 955 ) ,  

W arnock and Preece ( 1 9 7 1 ) and H u s se i n ( 1 983 ) l oc ated and noted the  

extent  of mycel i um i n  t h e  husks  of  bar l ey grown i n  the  U . S . , Br i ta i n  

and New Zea l and respect i ve l y . 

Fung a l  myce l i um was not on l y  found i n  gr a i n  after s torage 

( Warnoc k ,  1 9 76 ; Husse i n ,  1 983 ) but was a l so found i n  gra i n  at h arve st  

Hyd e ,  1 95 0 ;  C hr i sten sen , 1 95 1 ) and  even  before harvest  ( Tu i te and 

C h r i stensen , 1 955 ) .  In the present stud i es of f ung i contam i n at i ng 

b ar l ey,  i t  was therefore con s i dered usefu l to exami ne gra i n for the 

p resence of  myce l i a . Such  myce l i um mi g ht be l y i ng l atent on or i n  the  

g ra i n t i s s ues , awa i t i ng favo urab l e  cond i t i ons for pro l i ferat i on ,  so  

l ead i ng to spo i l age and pos s i b l e  tox i n  prod uct i on .  I t  co u l d 

contr i bute substant i a l l y  to  the  tota l  v i ab l e  co unts reported i n  

C h apter 3 .  

Sc ann i ng e l ectron m i c roscopy was used to g i ve an overa l l and i n ­

depth v i ew of the  extent and l oc at i on of myce l i um and spores of both 

n orma l  and mou l dy gra i n .  A second tec h n i que  dev e l o ped enab l ed a gross 

exami nat i on of the  more l oose l y  attac hed hyphae to  be made . Th i s  

t ec h n i q ue i nv o l ved s h ak i ng a quant i ty of gr a i n w i th ster i l e  water , 

f o l l owed by a membrane f i l t rat i on step . The hyp h a l  fragments  retai ned 

on the membrane fi l t er cou l d t hus  be exami ned and cou nted . 

I f  a s i gn i f i cant  proport i on of these hypha l  fragments  was v i ab l e ,  

t h en t hey cou l d make a cons i derab l e  contr i but i on t o  the tota l  count  

a nd cou l d a l so be i mportant t o  the  l ater r ap i d  i nv a s i on of  t he  gra i n 

t i ssue  s ho u l d cond i t i on s  become favo urab l e .  An attempt was therefore 

m ade to f i nd out i f  t hese hyp h a l  fragments were i n  fact v i ab l e .  U s i ng 

a m i cro-man i pu l at i on techn i q u e ,  s e l ected hypha l  fragments  were p i cked 

for cu l t ure on  P DAX at  2 5°C .  
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4 . 2 .  MATER I AL S  AND METHODS 

4 . 2 . 1 .  Scan n i ng E l ectron M i croscopy ( SEM )  

Qu arter s egments of  bar l ey gra i ns  or  husk  were prepared for S EM  

as out l i ned be l ow : -

1 .  The segments  and husks  were f i xed i n  3% g l utera l dehyde , 2%  

formal de hyde i n  0 .  1 M  phos phate buffer , pH  7 . 2 ,  for 4 hours  at room 

temperature . 

2 .  They were then  was hed 3 t i mes wi th 0 . 1 M  phosphate buffer ,  pH  7 . 2 ,  
for 20 mi nutes each t i me .  

3 .  The samp l es were subj ected t o  secondary f i x at i on i n  1 %  Oso4 i n  
0 .  1 M  phosph ate buffer , pH 7 . 2 , for 2 hours  at  room temperature .  

4 .  Th i s  was fo l l owed by 3 buffer was hes , aga i n  us i ng 0 . 1 M  p hosphate  

b uffer ,  pH 7 . 2 , for  20 m i nutes each t ime . 
5 .  Samp l es were then  dehydrated i n  a graded ethano l  ser i e s - 25% ,  

50% ,  75% , 95% , 1 00% , 1 00% for 20  mi n u tes at  each  conc entrat i on but  

for  a mi n i mum of 1 hour at the  second  1 00% eth ano l . 

6 .  F i na l l y  t he  samp l es were cr i t i c a l - p o i nt dr i ed us i ng l i q u i d  co2 as  

the  cr i t i c a l - po i nt  f l u i d .  

7 .  The now dr i ed samp l es were g l ued to  a l umi n i um s t u b s  u s i ng 
conduct i ve s i l ver p a i nt and sputter-coated w i t h  1 0-20 nm of gol d .  

The prepared spec imens were exam i ned a nd photographed i n  a 

Cwi k scan 1 00 f i e l d  emi s s i on scan n i ng e l ectron m i croscope .  

4 . 2 . 2 .  Obt a i n i ng Hypha l  Fragments on  Membrane F i l ters ( F i gure  4 - 1 ) 

4 . 2 . 2 . 1 .  Who l e gr ai n s  

Three x 1 . 0 g l ots  o f  bar l ey gra i n  o f  each  samp l e from the  6 

s ources , as obt a i ned i n  Chapter 3, Sect i on 3 . 2 . 1 . � were u sed . To each  

1 . 0 g gr a i n i n  a ster i l e  g l ass  u n i versa l  bott l e ,  1 0  cm3 ster i l e  d i s­

t i l l ed water and 1 0  s teri l e  g l ass  bead s  were added , and t h e  bott l e  

s h ake n  for 20  m i nutes o n  a rec i proc a t i ng  sh aker . The re s u l t i ng super­

n atant  was  v i gorous l y  shaken  on  a " su per-m i xer "  for 1 0  seconds  and 

then 1 . 0 cm3 was i mmed i ate l y  removed and f i l tered u nder  s uct i o n  

t hrough a m i l l i pore membrane f i l t rat i on system f i tted w i th  0 . 45 �m 



F i g ure 4 - 1 : Techn i que  for obt a i n i ng hyp h a l  fragments  on membrane f i l ters 
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mi l l i pore membrane fi l ters . Ste r i l e  d i st i l l ed water ( 5 . 0  cm3 ) was 
s l ow l y i ntroduced to  wash the s i de s  of the fu nne l . After comp l et i on 
of f i l t r at i on ,  the  membrane f i l ter was asept i c a l l y  removed and treated 

as out l i ned i n  Sect i on 4 . 2 . 2 . 3 .  The m i l l i pore membrane f i l ters , 

grad u ated funne l s ,  membrane f i l ter ho l ders and c l amps were ster i l i sed 

each t i me before u s e .  

4 . 2 . 2 . 2 .  H u s k  and c aryops i s  

The  

gr a i n s 

rema i n i ng supernatant from the  s h ak i ng proces s  of who l e 

was  d i s carded and the  gra i ns  ge n t l y  washed 4 t imes wi th 1 5  cm3 

ster i l e  d i s t i l l ed water before soak i ng for 4 hours i n  the  

another 1 0  cm3 of  co l d  ster i l e  d i st i l l ed water ( F i gure 4- 1 ) .  

co l d ,  i n  

At the end of the soak i ng per i od ,  the gr a i ns  were asept i c a l l y  

dehu l l ed .  The  husks  and c aryopses were separate l y  s h aken  for 2 0  

mi nutes  i n  1 0  cm3 d i s t i l l ed water w i t h  1 0  ster i l e  g l ass bead s .  

1 . 0 cm3 of each resu l t ant  s u pernatant was f i l tered onto separate 

membrane  fi l ters  and the f i l ters were further processed as i n  the  

fol l ow i ng sect i on .  

4 . 2 . 2 . 3 . M i croscopy and cu l t u re of membrane f i l t ers 

E ac h  membrane f i l t er was asept i c a l l y  cut  i n to ha l f ;  one  h a l f was 
u s ed for cu l t ure by further cutt i ng that part i cu l ar  ha l f i n to 8 eq u a l ­

s i z ed sect i ons  and p l at i ng the  cut  sect i ons onto  P DAX p l ates for  

i nc u b at i on at 2 5°C .  Any growth ar i s i ng from these  cu l t u red membranes  

was s ubcu l t ured onto fresh  P DAX for i de n t i f i c at i on .  

The oth er h a l f of the  membrane f i l ter was mou nted o n  a s l i de and  

covered wi th a drop of i mmers i on o i l for  c l ar i f i c at i on before 

exam i n at i on u nder the mi croscope .  A l l hypha l  fr agme nt s  ret a i ned o n  

t he  f i l ter were  systemat i c a l l y  cou nted , sect i on b y  sect i on ,  and 

s i mu l t aneous l y  counts were a l so  noted of  hypha l  fragments  meas ur i ng  at 

l e ast  2 0  urn.  S i ng l e  or branc hed hypha l  fr agments  were con s i dered as 

11 hyp h a l  u n i ts . .  ( H . U . ) .  
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4 . 2 . 3 . Separat i on of Hyphae by M i cro-man i pu l at i on 

4 . 2 . 3 . 1 . Source  of s upernatants 

1 . 0 g s u b samp l es of gra i n were obta i ned as descr i bed i n  Sect i on 

3 . 2 . 1 . 3 ( see Append i x  4- 1  for act u a l  n umber of subsamp l es ) . To each  

1 . 0 g gr a i n  were added 10  ster i l e  g l as s  bead s and  10  cm3 ster i l e  

d i s t i l l ed water before shak i ng o n  a rec i procat i ng shaker  for 20 

mi nutes . 

4 . 2 . 3 . 2 .  P repar at i o n  of  agar s l abs  

Covers l i p s meas u r i ng 22 x 50 mm were p l aced on a coo l ed , ster i ­

l i sed area of  a l arge g l ass  p l ate .  The  covers l i ps were  s ter i l i sed 

w i th a bunsen f l ame and i mmed i ate l y  covered wi th a steri l e  g l as s  d i s h .  

1 . 0 cm3 o f  s t er i l e  mo l ten  PDAX was t hen  spread on each coo l ed cover­

s l i p  so  as  to  make a th i n  agar s l ab .  Once the  agar had set , another  

covers l i p  was  f l ame- ster i l i sed and  t h i s  was  used to cut  off  a th i n  

s tr i p  around the  per i meter of t he  s l ab .  Th i s  str i p was then  

d i scarded . 

4 . 2 . 3 . 3 .  M i cro -man i pu l at i on tec h n i que  ( F i gure 4-2 ) 

A l oopf u l  or two of supernatant  prepared i n  Sect i on 4 . 2 . 3 . 1  was 

spread o n  one s i de of a prepared agar s l ab .  The coversl ip was then  

i nverted and mounted onto the  s tage of  a p l atform mi crosco p e .  Look i ng 

u nder  the  m i c roscope , hypha l  fr agment s  were p i cked up  w i th the  a i d  of glass 
a very f i n e Aneed l e  and transferred to the  oppo s i te s i de of the  agar 

s l a b .  After th i s  was repeated a few t i mes , the  covers l i p ho l d i ng the  

agar  s l ab was  removed from the  mi c ro scope .  W i th a fre s h  ster i l i sed 

covers l i p ,  the agar s l ab was cut as s hown i n  F i gure 4-2 , the s i de 
conta i n i ng t h e  hypha l  fr agments  was  p i cked u p  wi th a s ter i l i sed 

p a l ette k n i fe and c u l t ured on  a th i n  p l ate of P DAX . The P DAX p l ate , 

wh i ch prov i ded a mo i st env i ronmen t  and n u t r i ents for g rowth , was 

i ncubated at  2 5°C .  I n  th i s  way ,  50 hypha l  fr agments were  p i cked up  

from e ac h  s amp l e  and cu l t ured on  P DAX . 
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4 . 2 . 3 . 4 .  Observat i on and  i s o l at i on of fun g i  

Over the  next 5 - 7  d ays , t h e  a g ar  s l abs were  c hecked d a i l y  under a 

m i croscope for s i gn s  o f  growth . The number  of  fragments  y i e l d i ng 

c o l o n i es was recorded and a sma l l p i ece of each  c o l o ny was subcu l tured 

o n to  fresh  P DAX p l ates for  i dent i f i cat i on .  



F i gure 4-2 : Mi cro-man i pu l at i on techn i q ue i n  separat i ng hyph a l  fr agments 
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4 . 3 .  RESULTS 

4 . 3 . 1 .  Locat i on of Myce l i um and Spores Determi ned by Scann i ng E l ect ron 

M i c roscopy 

Hyp h ae ,  spores and other funga l  propag u l es were found 

s porad i ca l l y  on most surfaces of norma l gra i n spec imens  v i ewed by 

scan n i ng e l ectron mi c roscopy, b u t  as  i s  ev i dent from P l ates 4- 1 to 4-

5 ,  t here were areas on  the gr a i n  where most fung a l  propagu l es were 

concentrated . 

The ventra l  crease formed from fol d i ng of the p a l ea  and the 

grooves a l o ng the s i des  of th i s  crease prov i ded exce l l ent  s i tes for 

the depo s i t i on of spores and the attac hment  of myce l i a l strand s and 

hyphal  ag gregates ( P l ates 4 - 1  and 4 - 2 ) .  The  re l at i ve l y  dense  network 
of r ather  th i ck myce l i um extended wi th decreas i ng den s i ty from the 

groove onto the adj acent area of b l unt protrus i ons  and beyond . Many 

of the myce l i a l strands  present o n  the gr a i n surface were seen to 

penetrate the outer e p i dermal h u s k  l ayer . The most  obv i ous  mode of 

entry was through stomata as seen i n  P l ate 4-3 . 

P l ate 4-4 shows another  preferred s i te of spores and myc e l i um.  

L arge concentrat i ons  of these funga l  e l ements  were observed o n  the 

rough s u rfaces of the  rach i l l a and on the r ac h i l l a ha i rs . There cou l d  

be seen , under i nc reased magn i f i c at i on of a se l ected area ,  myce l i a l 

strand s wr apped round rac h i l l a  h a i rs and spores l od ged i n  n otches 

espec i a l l y  around the  s i tes of attachment of t hese h a i r s  ( P l ate 4 - 5 ) .  

P l ates 4-6  and 4-7  s how the  surfaces and struct ures  of mou l dy 

gr a i ns  s i m i l ar to  those  struct ure s  i n  p l ates of normal g ra i ns ( 1 , 2 

and 5 ) , b ut  th i s  t i me they were covered wi th  abundant  myce l i um and 

spores . Even  a very smal l area o f  mou l dy gra i n ,  as s hown i n  P l ate 4-

9 ,  c arr i es a l arge spore l o ad and dense n etwork of myce l i um .  P l ate 4-
8 shows th at the  funga l  myce l i um mat , wh i ch comp l ete l y enve l oped the  

gra i n s urfac e ,  was  made u p  of r e l at i ve l y s l ender strands  of hyphae 

i ntertwi ned wi th c h a i n s  of con i d i a ,  c h i ef l y  tho se of P e n i c i l l i um and 

Aspergi l l u s .  Of i nterest were t h e  commo n l y- occurr i n g  l arge-d i ameter 

hyphae wh i ch  appeared to  h ave  co l l apsed ag a i nst  the g r a i n surfac e ,  as 

shown i n  P l ate 4 - 9 .  
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e l ectron  mi c roscopy of the  o uter surfaces  of n orma l 

r e l at i ve l y  l ow den s i t i es of myce l i um and s pores over 

( P l ate  4- 1 0 ) .  C l umps of spores  were few and occurred 

ma i n l y  in  those  areas wh i c h a l l owed the i r  e asy attachment ,  that i s  

areas of depres s i on s ,  troug h s  and ra i sed structures  ( P l ate 4- 1 1 ) .  

The i nner s urfaces of normal  h usk  s t r i ps ( P l ate  4- 1 2 )  were 

s i mi l ar l y  found to c onta i n  re l at i ve l y  few s pores but the  myce l i um was 

i n  greater abundance than  on  the outer surfaces . Except i ons  were 

fo u nd at the ends  and  the ventra l  crease ,  where myce l i um was abundant  

on  t he  outer s urface a l s o .  

P l ates 4- 1 3  and 4- 1 4 ,  however , showed heavy fung a l  i nvas i on of 

i n ner husk  t i s s ues of mou l dy gra i n s .  Abu ndant mycel i um and spores 

covered a l l av a i l ab l e surfaces . 



Scann i n g e l ectron m i c rographs of norma l  b ar l ey gra i n s .  

P l ate 4 - 1 . Myce l i um and s pores o n  ventra l  s urface of who l e  bar l ey 

g ra i n ( 80X ) ( Commerc i a l s i l os ,  5 mon th s ) . 

P l ate 4- 2 .  I nterwoven myce l i a l strands and spores attached to the  

groove a l ong one  s i de of  the  ventra l  crease ,  w i th  myce l i um 

extend i ng i nt o  the  adj acent area of b l u n t  protrus i o ns  

( 400X ) ( Commerc i a l  s i l o s ,  5 month s ) . 
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P l ate 4 - 3 . Myce l i a l strands penetr at i ng i n to s tomata  ce l l s  l oc ated 

j us t  above the g roove ( 400X ) .  Note the  s i l i c a- l i k e  

cover i ng  of  the gr a i n s urface espec i a l l y  on t he  b l unt  

protru s i ons ( Commerc i a l  s i l os ,  5 month s ) . 
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P l ate 4-4 . Spores 11 S i tt i ng 11 i n  i ndentat i on and on bottoms of r i dges 
on rac h i l l a  s urface . Myce l i um scattered over the r ac h i l l a  

s urface and rach i l l a h a i r s  ( 400X ) ( Commerc i a l s i l o s ,  5 

months ) . 

P l ate 4-5 . 11 C l o s e- up 11 v i ew of rac h i l l a  s u rface and r ac h i l l a h a i rs ,  

s howi ng  myce l i a l st rands wrapp i ng round rac h i l l a h a i r s  and 

s pores l od ged i n  notc hes  underneath the ha i rs  ( 1 000X ) 

( Commerc i a l s i l o s ,  5 months ) . 



1 2 7 



Scann i ng e l ectron m i c rographs of mou l dy gra i n .  

P l ate 4 - 6 .  Mas s i ve funga l  contami n at i on of mou l dy gra i n s urfac e ,  

myce l i um cover i ng ventral  crease ( 40X ) ( Farm- stored ) . 

P l a te  4- 7 .  Myce l i um and spores wel l estab l i s hed at d i s ta l  

ventral  crease and on t he  attached rac h i l l a  ( 50X ) 

stored ) . 

end of 

( Farm-
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Scann i ng e l ectron m i crographs of mou l dy gra i n .  

P l ate 4-8 . Myce l i al mat and c h a i n s  of con i d i a comp l ete l y  cover i ng  

s urfaces of mou l dy g r a i n s  ( 800X ) ( Farm- stored ) . 

P l ate 4 - 9 .  Groups of s pores among st  i n terwoven myce l i a l s trand s on  

smal l area  of mou l dy g r a i n  s urface .  Numerous b acter i a are 

a l so present  ( 400X ) .  Note the co l l apsed , t h i c k hyphae . 

( F arm- stored ) . 
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Scann i ng e l ectron m i crog r aph s  of normal h u s k  s u rfaces . 

P l ate 4- 1 0 .  Re l at i ve l y  few strand s o f  br anc h i ng myce l i um and s parse 

s pore n umbers on outer s urface of husk ( 400X ) ( At 

h arvest ) . 

P l ate 4 - 1 1 .  A c l ump of  spores 

b l u n t  protrus i on s  

stored ) . 

and hyphae i n  the  depress i on between  2 

on outer h u s k  surface ( 2000X ) ( F arm-
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Scann i ng e l ectron m i c rographs  of i n ner h u s k  s urface s 

P l ate  4 - 1 2 .  A few hyphae and spores pop u l at i ng r i dges on  i nner 

s urface of norma l g ra i n ( 1 400X ) ( Commerc i a l s i l os ,  

5 months ) .  
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P l ate 4 - 1 3 .  Den se myce l i a l  network and h i g h spore den s i ty o n  i nner 

s u rface of  moul dy husk  ( 400X ) ( F arm- stored ) .  

P l ate 4- 1 4 .  Magn i f i ed area of mou l dy h u s k , i nner surface covered by 
abundant  mycel i um and spores ( 2000X ) ( Farm- stored ) .  
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Tab l e  4- 1 : Counts  of hypha l  u n i ts o n  membrane f i l ters of b ar l ey gra i n s  

from 6 sources 

At h arve st  

X 1 03 

Samp l e  Tota l  * H . U . H . U .  >20 �m 

A1 2 . 290 0 . 900 

A2 9 . 260 2 . 0 1 0  
A3 1 .  360 0 . 400 

A4 1 1 . 9 30 3 . 520 

8 1  7 . 940 2 . 500 

82 3 .  770  0 . 990 

83 4 . 400 0 . 950 

F4 5 .  1 1 0  1 . 1 1 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mean 5 . 758  1 . 548 

Commerc i a l s i l os 

5 month s x 1 03 

Samp l e  Tot a l  H . U . H . U . >20 �m 

AS 3 . 000 0 . 625  

A6 4 . 685 0 . 920 
A7 2 . 4 1 5  0 . 645 

85 3 . 520  0 . 740 

8 6  3 . 9 70 1 . 1 90 

8 7  3 . 1 20 0 . 845 

88 1 .  235 0 . 430 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mean 3 . 1 35 0 .  7 7 1  

Farm s i l o s  6 month s 

X 1 03 

S amp l e  Tota l  H . U .  H . U .  >20  �m 

F 1  38 . 880 1 5 . 93 5  

F2  1 6 . 650 4 . 1 00 

F 3  3 . 1 24 0 . 764 

F4 2 . 240 0 . 7 1 5  

F 5  5 . 430 1 . 780 

F6  1 .  41 7 0 . 785  

F7  4 . 945  1 .  3 75  

F8  2 . 680 0 . 660 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
9 . 42 1  3 . 264  

Commerc i a l s i l os 

9 months  x 1 03 

Samp l e  Tota l  H . U .  H . U .  >20  �m 

A� 2 . 57 5  0 .  720  

A9 3 . 47 5  1 . 2 30 

89 4 . 485  1 . 45 5  

8 1 0 2 . 585  0 . 7 50  

8 1 1 3 . 585  1 . 1 00 

8 1 2 1 . 5 70 0 . 545 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3 . 046 0 . 9 7 6  

* H . U .  = hypha  1 un i t s 
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Tab l e  4 - 1  ( cont i n ued ) 

Laboratory x 1 03 

Co l d 

Samp l e  Tot a l  H . U .  H . U .  > 20 �m 

A1 1 .  645  0 . 335  

A2 6 . 2 7 5  1 .  935 

A3 1 .  265  0 . 370 

A4 5 . 450 1 . 885 

B1 6 . 5 1 0  2 . 4 1 0  

B2 3 . 240 1 .  1 45 

B3 2 . 300 0 . 595 

B4 2 . 800 0 . 830 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mean 3 . 685 1 . 1 88 

Amb i ent  temperature 

Samp l e  Tota l  H . U .  H . U .  >20  �m 

A1 1 . 620 0 . 685  

A2 5 . 6 1 5  2 . 1 50 

A3 0 . 805 0 . 4 1 0  

A4 4 . 535 2 . 0 1 0  

B1 2 . 850 1 .  435 

B2 1 .  81 0 1 .  030 

B3 0 . 835  0 . 465 

B4 1 .  060 0 . 635  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 . 390 1 . 1 03 

4 . 3 . 2 .  Tota l  Counts of Hypha l  Fr agments 

The count of total  hypha l  fr agments obta i ned by averag i ng the  

res u l t from tr i p l i c ate s amp l es  of e ach gra i n samp l e are  t ab u l ated i n  

Tab l e  4 - 1 . W i th the  except i on  o f  2 samp l es of farm- stored gra i n ,  

there was  l i tt l e d i fference i n  the  total hypha l  un i t  counts  ( T . H . U . ) 
for i nd i v i du a l  gra i n s amp l es from a l l 6 sources . Th i s  i s  ev i dent  from 

the  mean T . H . U . as s hown graph i c a l l y  i n  F i gure 4-3 . Th i s  f i gure  shows 

that tbere . �as l i tt l e var i at i on i n  the  mean counts of gr a i n wh i ch h ad 

been h e l d i n  co l d storage to t hat h e l d  i n  storage for 5 or 9 month s at 

amb i ent  temperat ure .  Farm- stored g r a i n ,  however , gave h i g h T . H . U .  

The mean  counts  of H . U .  mea sur i ng more than  2 0  � m  a l so  s howed 

l i t t l e v a r i at i on ( F i gure 4-3 ) , r ang i ng from 2 5 - 3 5% of mean T . H . U .  The 

one except i on was obta i ned for l aboratory- s tored g ra i n ,  kept at 

amb i ent  temperature . The averaged H . U .  counts  of fragments  more than  

20  � m  co n s i sted of 46% of t he  mean T . H . U .  for  those s amp l es .  However , 

th i s  apparent l y  h i g h frequency was due to the l ower mean T . H . U .  of 

these s amp l e s .  



F i g u r e  4 - 3 : Comp ar at i ve l eve l s of hyp h a l  u n i t s  obta i ned  f r om sup�rnatants  of g r a i n s amp l e s 
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F i g ure 4-4 : Compar i son of v i ab l e counts  as obtai ned by the  d i l ut i on 
p l a t i ng tech n i q ue and the co unts  of hypha l  u n i ts  obt a i ned 

by the membrane f i l t er tech n i q ue from 6 gra i n s amp l es 
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4 .  3 .  2 .  1 .  Compar i sons of tota l  v i ab l e  counts and tota l  hypha l  u n i ts  

( T . H . U . ) 

When  mean  T . H . U .  was c ompared wi th the  tota l  v i ab l e  

count  ( T . V . C . , Chapter 3 )  for the s ame grai n s amp l es ( F i gure  4-4 ) ,  t he  

proport i on of T . H . U .  to  T . V . C .  was approx i mate l y  the s ame for gra i n 

s amp l es at h arvest , after commerc i a l st orage for 5 month s ,  and after 

c o l d s torage ( 1 9-25% ) . B u t  the  proport i on of T . H . U .  to  T . V . C .  rose 

c o n s i derab l y  i n  the gr a i n wh i ch h ad been stored i n  commerc i a l s i l o s 

for 9 month s ,  and a very l arge i ncrease of more than  500% was recorded 

i n  gr a i n  s tored at amb i en t  temperature i n  the l aboratory.  I n  

contras t ,  t he  T . H . U .  made u p  on l y  3% of the  T . V . C .  i n  farm- s tored 

g r a i n .  

4 . 3 . 2 . 2 . F u n g i  i sol ated from c u l t ured membrane f i l ters 

F i gure 4 - 5  i l l u strates the  major funga l  genera i so l ated from PDAX 

c u l t u res of membrane f i l ter preparat i ons from a l l the gr a i n  samp l e s .  

Overa l l ,  many o f  these  genera were i so l ated a t  s i mi l ar freq uenc i es 

from d i l u t i on p l ates prepared for tota l  v i ab l e  counts . Both method s 

of  c u l ture s howed t he  occurrence of A l ternari a ,  Aureobas i d i um ,  

C l ados por i um ,  F usar i um ,  Drechs l er a ,  Pen i c i l l i um and Aspergi l l us i n  

more t h an 80% of a l l t h e  gr a i n samp l es ex ami ned .  

4 . 3 . 2 . 3 . V i ability of hyp h a l  fragments  ( F i gure 4-6 ) 

The  v i ab i l i ty of t h e  i s o l ated fragments obta i ned by t he  

m i cro-man i pu l at i on techn i q ue showed a dec l i ne from 22% v i ab l e  i n  fresh 

s amp l e s ( compared t o  total  hypha l  fragments  separated ) ,  to 1 2 . 5% 

v i ab l e after 5 month s 1 storage to 5% v i ab l e  after 9 month s .  There was 

a sma l l d i fference i n  v i ab i l i ty l o s s  between s i l o -stored s amp l es for 5 

months  ( 1 2 . 5% )  and co l d - s t ored gra i n ( 1 8 . 4% ) . V i ab i l i ty of hypha l  

f r agments from grai n s tored i n  the  l aboratory at amb i ent  temperatures 

d ropped to 3 . 5% ,  a l ev e l  s i m i l ar to  that  of g ra i n stored i n  commerc i a l 

s i l o s ,  for t he  s ame per i od and a l so  at amb i en t  temperature .  

I n  compar i son , over  45% of hypha l  fr agments  recovered from an  

o b v i ous l y  mou l dy farm- stored s amp l e  were v i ab l e .  Th i s  part i cu l ar 

s amp l e h ad b een stored for 6 month s .  
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F i gure 4 - 5 : H i stogram of comb i ned freq uenc i es i n  gra i n  s amp l es of 
var i ous genera obt a i n ed wi th total  counts and on membrane  

f i l ters at 2 5°C 
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F i gure 4-6 : V i ab l e  hypha l  fragments i n  s u pernatants  of gra i n  s amp l es 

from 6 d i fferent sources 
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4 . 3 . 2 . 4 . Fung i from hypha l  fr agments 

Co l o n i es wh i c h  grew from the i s o l ated hypha l  fragments  obt a i n ed 

from fres h l y- h arvested and stored gra i n were i dent i f i ed as A l ternar i a ,  

Drec h s l era ,  F u s ar i um and C l adospor i um ,  wi th  A l ternar i a  by f ar the  

predom i n ant  fungus , growi ng from >80% of  the  hyphae cu l t ured ( F i gure  

4-6 ) .  Pen i c i l l i um and  Aspergi l l us spec i es were obtai ned on l y  from 

hypha l  fr agments  obt a i ned from mou l dy gra i n .  

The A l tern ar i a and C l adospori um fung i grew from th i ck brown 

hypha l  fr agments , wh i l s t Pen i c i l l i um and Aspergi l l u s  grew from more 

s l ende r ,  hyal i ne hyphae . Some th i ck brown hyphae i s ol ated from mou l dy 

gra i n d i d  not grow i n  cu l t ure .  

4 . 4 .  D I SCUSS I ON 

Scann i ng e l ectron mi croscopy of bar l ey gra i ns  has revea l ed t h at 

a l l gra i n  s urfaces bear not  on l y  spores b u t  a l so  a l oose  network of  
myce l i um ,  in  contr- a st to t he  c l a i ms of Ox l ey and Jones ( 1 944 ) t h at 

u n l ess  gr a i n s  were mou l dy no  hyphae cou l d be found on  the ou ter 

s urface of the ep i derm i s .  

However , gra i ns not heav i l y i nfected showed rel at i ve l y  sparse  

myce l i um over  the  ou ter s urface ,  wi th the  except i on of concentrat i on s  

i n  h i g h l y  contoured areas . Th i s  f i nd i ng was i n  agreement wi th  t h e  

d i rect mi croscopy exami nat i ons  o f  myce l i um-conta i n i ng bar l ey h u s k s  

descr i bed i n  Ch apter 3 .  Hyde ( 1 950 ) a n d  H u s se i n  ( 1 983 )  a l so observed 

t h a t  the d i st r i bu t i on of myce l i um i n  h u s k s  was b i ased towards the two 

ends  and a l o ng the s i des  of the  ventra l  creas e .  H u s se i n  ( 1 983 ) and 

Mead ( 1 942 ) further s uggested that  the  prox i mal end of the  gra i n was 

the most favoured s i te for  the  estab l i s hment of  hyphae i n  hu s k s .  

These  observa t i ons  s u pport the  work o f  Warnoc k  ( 1 97 1 ) who showed th at 

the area of p a l ea  (wh i ch fo l ds  to form the ventral  crease ) , i n  wh i ch 

myce l i um was present  v ar i ed from 44 . 2- 92 . 8% ,  i n  contras t to t h at of  

t h e  l emma wh i c h v ar i ed from 1 9 . 7-87 . 7% .  

t h e  

I n  t h e  present s t udy, 

f i nd i ngs  of l i g ht  

s c ann i ng e l ectron m i c roscopy h as conf i rmed 

mi croscop i c  observat i on s  ( Chapter 3 )  t h at 
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myce l i um and spores occur i n  great abundance on  the rach i l l a , a 

s t ruc t ure a l ways found at tached to the  bar l ey gra i ns exami ned . The  

hyphae were seen  to  wi nd thems e l ves round the rach i l l a  and i ts h a i rs .  

So funga l  hyphae i )  i nterweave ,  i i )  weave between h u s k  c e l l s  and 

c e l l l ayers ,  a nd i i i )  wi nd around any av a i l ab l e  s truct ures to  form a 

comp l ex network  of myce l i um cover i ng the  grai n .  The res u l tant  l at t i ce 
of funga l  myc e l i um serve s as a spore trap  i n  i ts own r i ght  as we l l  as 

enhanc i ng the effect i ve ness of other spore-reta i n i ng s i tes  s uc h  as 

crev i ces , r i d ges  and depres s i ons o n  the  roug h husk surfaces . Th us  i t  
was not unexpected to f i nd that  s pore d i str i but i on was re l ated t o  

abundance of myce l i um .  

Co l o n i sat i on of the  " i nterna l " b ar l ey su rface was s t ud i ed by 

remov i ng the  h u sk  for S . E . M .  The i nterna l  fungal  myce l i um of  

apparent l y  h e a l thy gra i n was  more abund ant than  that on  the  outer 

s u rfac e ,  be i ng espec i a l l y  concentrated w i th i n  the  parenc hym a  l ayer as 

d e scr i bed by Warnock and Preece ( 1 97 1 ) .  The p arenchyma l ayer i s  t h e  

t h i rd of the  4 l ayers of  ce l l s  wh i c h together make u p  the  l emma and 

p a l e a .  Sc l erenc hyma c e l l s  make up  the second l ayer , and these 2 
1 ayers  are " s a ndwi ched " by ep i derma 1 ce  1 1  s .  

Warnock ( 1 9 73a ) be l i eved th at t h e  hyphae on  t h e  i n ner s urfaces 

were der i ved from spores depos i ted on  the i nner l emma and p a l ea  sur­

faces and  from s pores depos i ted on  t he  a n th ers wh i ch rema i n  l odged 

between the l emma i n  matured gra i n .  The spread of myce l i um cou l d be 
c hecked by d e s i ccat i on beneath the  e p i dermi s d ur i ng dryi ng-out  of the  

r i pe n i ng gr a i n i n  the  f i e l d  ( Hyde and  G a l l eymore , 1 95 1 ) .  

S . E . M . of  heav i l y i nfected b ar l ey gra i n has  not been reported i n  

t h e  l i terat ure  but many d i rect l i g ht  mi croscopy observat i ons of 

s t a i n ed mou l dy husks  have agreed t h at myce l i um deve l o pment was 

n orma l ly  very extens i ve and often covered the  who l e gra i n i nc l ud i ng 

h u s k s  and c aryopses . I t  has  been fo u nd that i nterspersed amongst  the  

myce l i a l s trand s  of  mou l dy gra i n s  were c l umps and  cha i ns  of  s pores i n  

l arge numbers .  These spores were recog n i sed as be i ng c h i ef l y  those  of 

Aspergi l l us a s  fru i t i ng bod i es of Asp�i l l u s were n umerous  i n  the  

S . E . M .  of  s uc h  gra i n s  and  husk s .  F u rther ver i f i c at i on of the i r  



1 42 

i dent i ty was prov i ded by Brown and Brotzen ( 1 979 ) i n  th e i r  book 

i l l u strat i ng S . E . M .  of  phytopathogen i c  fung i . 

The myce l i um of mou l dy gra i n  and husk  cons i sted ma i n l y  of  

r e l at i ve l y  s l e nder hyphae wh i l s t t he  major i ty of  hyphae as soc i ated 
w i th norma l  gr a i n  t i s s ues  were of th i ck d i ameter . Many of  these th i ck 

hyphae were seen to  h ave co l l ap sed i n  the  scann i ng e l ectron  

p h otomi crogr aph s .  These  co l l apsed hyphae were l i ke l y  to  be  dead 

hyphae that  ear l i er h ad been estab l i s h ed dur i ng the format i on and 
maturat i on of  the gra i n .  

The method of obt a i n i ng supernatants from wh i c h hyp h a l  fr agments  

were ret r i eved was i mportant i n  t h e  exam i n at i on of t he  l oose l y­
attached hyphae of b ar l ey .  The n umber and durat i on of s h ak i ngs and 

the number of  was h i n g s  were some of  t he  phys i c a l  factors contr i bu t i n g  

t o  t he  c o u n t s  of hypha l  fr agments obt a i ned from t he  grai n s . Prov i ded 

t h at the gra i n s were a l l s ubjected to  i dent i c a l  treatment ,  compari sons  

of  hypha l  fr agments from the  var i ous  gr a i n s amp l es cou l d be  made . 

I t  c an be deduced from the smal l var i at i on i n  counts obta i ned of  

H . U .  from gra i n at h arvest and after commerc i a l and l aboratory storage 

t h at there was no act i ve fungal growth dur i ng storage of these  gra i n 

s amp l es .  Th i s  was s u pported i n  the  present s t udy by the l arger tota l  

H . U .  count  obta i ned from farm- stored gra i n ,  muc h of  wh i ch became 

mou l dy dur i ng storage . The T . H . U .  count  for the farm s i l o  gr a i n was  

a l most twi ce  t hat recorded for gr a i n at h arvest  and  these  counts  were 

i ncreased t h rough  funga l  prol i ferat i o n .  When fungal  growth occurs on  

or i n  the  h u s k , more hyphae are produced , many growi ng o u t  from h u s k  

t i s s ues . T he se  outgrowths  to  t he  ex i s t i ng aer i a l hyp h ae form a n  
exp and i ng ,  l oo se  network of  myce l i um ,  fragments  of  wh i c h b ecome eas i l y 

detached from the  g ra i n upon v i gorous  shak i ng .  

Spec i a l n ote was t aken of  t h e  quant i ty of hyp h a l  fragments  

measur i ng  at  l east 20  �m  i n  the counts  of H . U .  from the  g ra i n  s amp l es 

because these  fragments  were l i ke l y  to  h av e  o r i g i n ated from re l at i ve l y  

young funga l  hyphae . Th i s  factor comb i ned wi th  the i r s i ze g ave  them a 

good c hance  of  prol i ferat i on shou l d s u i t ab l e  cond i t i on s  b e  ava i l ab l e . 

Thus  they cou l d contr i bute to t he  tota l  v i ab l e count s  i n  d i l u t i on 

p l at i ng s  of  b ar l ey wash i ngs and to  f unga l  growth i n  the  g r a i n .  Aged 
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and d e ad hyphae , on the other h and , tended to  break e as i l y  i nto 

sma l l er fr agments d u r i ng the s h ak i ng process  and were l e s s  l i ke l y  to 

g i ve r i s e to funga l  col o n i es .  

W i th t h e  except i on of t h e  farm-stored gr a i n ,  the counts  of H . U .  

of at l e ast  20 �m s howed l i tt l e v ar i at i o n ,  ag a i n  i nd i cat i ng n o  funga l  

prol i ferat i o n  i n  t he  grai ns exami ned . The counts of H . U .  of at  l east  

20 �m of  farm- stored gr a i n  were aga i n  twi ce those of  the  gra i n at 

h arvest ,  i nd i cat i ng probab l e  fung a l  growth . 

So from the H . U .  counts of fr agments  of at l east 20  �m ,  between 

25 -35% of  the mean  total H . U .  counts cou l d  contr i bute to  the tota l  

v i ab l e  counts  prov i ded the hyphae were v i ab l e . The h i g h proport i on of  

H . U .  o f  at  l east 20 �m ( 46% ) for l aboratory- s tored gra i n  was due to  

the l ow T . H . U . counts rather th an  an  act u a l  i ncrease i n  counts of the  

fragments . However ,  th i s  cou l d mean t hat H . U .  measur i ng a t  l east 20  

�m  c o u l d make s i gn i f i cant contr i b ut i ons  to  t ota l  v i ab l e counts of  

t h i s  g r a i n .  

s howed t h at  

F or  t he  reasons g i ven i n  Ch apter 3 ,  t h e  l ow T . H . U .  counts  

fung i wh i ch h ad i nfected these  gra i n s amp l es at  harvest 
h ad d i s appeared rap i d l y  i n  se a l ed storage at room temperature . 

T . H . U . counts  obta i ned i n  the  present s t ud i es d i d  not  appear to  

h ave any s i gn i f i cant corre l at i on wi th the i r  respect i ve T . V . C .  An 

i ncrease  i n  T . H . U .  cou l d be expected from fungal  deve l o pment  d u r i ng 

storage . But i f  storage cond i t i ons  d i d  not a l l ow any funga l  growth , 

the g r a i n s  wou l d  reta i n  the amount  of myc e l i um they had acqu i red pr i or 

to h arvest  w i th the excep t i on  of the  l o ose l y- attached hyphae l o st 

dur i ng h a nd l i ng .  Undoubted l y  some of the  hyphae wou l d  a l so shr i ve l  

and d i s ap pear when exposed to d ry cond i t i on s  after the h arvest and 

dur i ng storage ( M i l n er et �. , 1 947 ) . Th i s  was i l l ustrated i n  F i gu r e  

4-4 . The  T . H . U .  for the gra i n  s amp l es s tored i n  commerc i a l s i l os and 

i n  t h e  l a boratory were about t he  same , b ut  they were l ower than  for 

the T . H . U .  from gra i n at h arves t .  

I n  ad d i t i on ,  the tota l  v i ab l e counts  were obv ious l y  determi ned by 

the  n umber  of v i ab l e  un i ts ,  the  major i ty of wh i ch were spores . The 

factors  wh i ch determ i ne t he  n umber of s pores and the  v i ab i l i ty of 

spores and  hyphae wou l d be d i fferent from the determi n ants  of myce l i a l 

q u a n t i ty .  
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A l t hough  no d i rect re l at i onsh i p  cou l d be shown between  T . H . U .  and 

T . V . C . , o n  super i mpos i ng th e T . H . U .  of the grai n s amp l es onto the i r  

respect i ve T . V . C .  ( F i gure 4-4 ) ,  i t  became apparent that the 

proport i on of T . H . U .  to T . V . C .  i ncreased dramat i c a l l y  for gr a i n  stored 

i n  commerc i a l  s i l o s  or kept  sea l ed i n  the l aboratory at amb i ent  

temperature for 9 month s .  A comparat i ve l y  l arge T . H . U .  count  co u l d  

mean t h at  a l arger propor t i o n  o f  T . V . C .  cou l d cons i s t o f  co l on i es 

ar i s i ng from the growth of hypha l  fr agments rather than from s pores . 

Th i s  co u l d  be due to the i n i t i at i on of myce l i a l growth be i ng shorter 
than  t he  t i me take n  for most s pores to break the i r  dormancy, and a l so 

to the absence of an overwh e l m i n g  spore pop u l at i on ,  mean i ng l es s  

compet i t i on for n utr i ents and oth er food req u i rements  ( Smi th , 1 9 75 ) . 

Th i s  s i t uat i on cou l d be found on  P DAX p l ates , but when i t  occurred on 

gra i ns , part i cu l ar l y  gra i ns  wi th  reduced s pore popu l at i on s , the  fungal  

hyphae cou l d be i mportant so urces of rap i d  fung a l  i nv a s i on of the 

gra i n  t i s s ues under s u i t ab l e cond i t i on s .  When funga l  i nv as i on was 

present  as i n  some farm-stored gr a i n ,  the fu nga l  hyphae wou l d offer a 

comparat i ve l y  l e s s  s i gn i f i c an t  contr i bu t i on than  spores to T . V . C .  

Th i s  was  not on l y  due  to th e muc h l arger spore popu l at i on present but 

was a l so p art l y due  to a reduct i on i n  the hyphal  fragments  broken off 

from t h e  re l at i ve l y  younger myce l i a . 

The  T . H . U .  a nd T . V . C .  obta i ned from l aboratory- stored gra i n kept 

at amb i en t  temperature revea l ed an  i n terest i ng fact : t h at i s ,  not a l l 

hyp h a l  fragments  present i n  the  gr a i n s u pernatants were v i ab l e ,  for i f  

they were v i ab l e  then the T . V . C .  wou l d at l e ast approx i mate to the 

T . H . U .  The v i ab i l i ty of hyp h a l  fragments  w i l l  be d i scu s sed l ater .  

U n fortun ate l y  the cu l t ure o f  membrane f i l ters permi tted the 

growth of  fung i from spores as  we l l  a s  from hypha l  fr agments  reta i ned 

on the fi l ters , so  it was not u n u s ua l  for the  pattern of fu n g i  

o bta i n ed from the  membrane f i l te r  cu l t ures t o  resemb l e  t h o s e  obt a i n ed 

from d i l u t i on p l ates . I t  wou l d be i mposs i b l e  to  d i ffere n t i ate t he .  

fung a l  propag u l es from wh i c h fung i  s u c h  as A l ternar i a ,  C l adospori um 

and F u s ar i um co l o n i es were s u bc u l tured . 

The  presence of abund a n t  myce l i um w i th i n  cereal  gr a i n s  i s  not i n  

i ts e l f ev i dence that  fung i s i gn i fi cant  i n  d i sease or i n  s po i l age h ave  

i nv aded  the  seed . I n stead the  v i ab i l i ty and  i dent i ty of t he  fu nga l  
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hyphae present  wou l d  be the two most  i mportant factors i n  determi n i ng 

t h e  s i gn i f i cance of s uc h  hyphae co l o n i s i ng bar l ey t i ss ues . 

Wh i l st the  method s u s ed by several  i nvest i gators  s uc h  as Hyde 

( 1 95 0 ) , Warnoc k ( 1 97 1 , 1 9 73b ) and Warnock and Preece ( 1 97 1 ) were 

u s efu l  i n  a s ses s i ng the amo u n t ,  extent and l ocat i on o f  hyphae present 

i n  b ar l ey gra i n s ,  no at tempts were made to c heck the i r  v i ab i l i ty .  The 

f l u orescence method s of Warnock ( 1 9 7 1 , 1 97 3 )  were very s uccessf u l  i n  

detect i ng spec i f i c  funga l  hyphae s uc h  as those of A l ternar i a and 

Pen i c i l l i um cyc l op i um i n  b ar l ey h u s k , but  d i d  not g i ve any i nd i cat i ons  
of  t he i r  ab i l i ty to grow when  prov i ded wi th s u i t ab l e cond i t i on s .  

H u s se i n ( 1 983 ) was s uccessfu l  i n  i s ol at i ng f u n g i  wh i c h grew from 

b ar l ey h u s k s  c u l t ured on Ma l t - s a l ts  agar and PDA ,  but i t  c annot be  

k nown wi th comp l ete certa i nty that  a l l the fung i i s ol ated grew from 

the  f u nga l  myc e l i um present i n  the h u s k s . A l though  H u s se i n  s urface­

ster i l i sed the h usks  wi th N aOC l  and gave them several  washes wi th  

s h ak i ng and  w i th steri  1 e g l as s  bead s ,  not  a 1 1  spore contami n ants  could 

be  removed . C omp l ete s u rface ster i l i sat i on may not be ac h i eved due  to 

t he  n a ture of the bar l ey h u s k s  and the  s urface ch aracter i s t i cs of some 

types of spore . Furth ermore ,  v i gorous shak i ng and wash i ng processes 

wou l d  remove much  of the  hyphae present on the h u s k  wh i ch co u l d be of 

s i gn i f i c ance , and i t  h as been s ug gested that s u rface ster i l i sat i on 

w i th NaOC l  cou l d resu l t  i n  the death of the myce l i um of  some more 

deep-s eated f u nga l  spec i es ( M i l ner e t �. , 1 947 ; M u l i nge and Chester s ,  

1 970b ) . 

I n  comp ar i son , the  mi cro-man i pu l at i on techn i q ue u s ed i n  the 

present s t ud i es al l owed the  i so l a t i on and i dent i f i c at i on of v i ab l e 

hyphae  as we l l as the d eterm i n at i on of the frequency of  v i ab l e  hyp h a l  

fr agments i n  t h e  supernatants  from gra i n s amp l es wi thout  the  prob l ems 

e ncou ntered i n  the methods  j u st d i scus sed . 

The 2 2% v i ab i l i ty of hypha l  fr agments i so l ated from fres h l y­

h arvested g ra i n i nd i c ated that  most  of the l oo se ly- attached hyph ae 

were not l i v i ng .  Dry i ng of  the  h u s k  t i s s ues  d ur i ng r i pe n i ng  of t he  

g ra i n h as been known to arrest the  spread of myce l i um ( Mart i n a nd  

G i l m an , 1 976 ) a nd  t h i s  dryi ng  effect co u l d advers e l y  affect t he  

v i ab i l i ty o f  estab l i s h ed myce l i um .  Moreover , t he  u s e  of  f umi gants and  
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chem i c a l  sprays on the gra i n p r i or to h arve st cou l d c ause t he  dem i se 

of  a l arge proport i on of these fung a l  hyphae .  

F i gure 4 - 6  showed t h e  cont i n ued dec l i ne i n  the v i ab i l i ty o f  

funga l  hyphae dur i ng storage of  gr a i n at  amb i ent temperature i n  com­

merc i a l s i l os and i n  the l aboratory. Of al l the storage cond i t i ons , 

t he  mo i s t ure content at wh i ch the gra i n was stored h ad the  greatest 

i mpact  on  the v i ab i l i ty of th e assoc i ated funga l  hyphae .  The f i e l d  
fung i c u l t ured from hyphae detached from fre s h l y- h arves ted gr a i n  were 

i de nt i f i ed as  A l ternar i a , C l ados por i um and Drec h s l era .  Such fung i 

h av e  been k nown to be  s u s cept i b l e  to des i cc at i on .  Lutey and 

C h r i stensen  ( 1 963 ) prov i ded exper i mental  ev i dence to s how that the 

stor age of b ar l ey at l ow mo i sture content i n  temperatures of 20°C ,  

r e s u l ted i n  the death o f  f i e l d  fung i s uc h  a s  He l m i nthospori um and 

F us ar i um, and caused a l arge reduct i on i n  the s urv i va l  of A l tern ar i a .  

S o  the l o s s  i n  funga l hyph a l  v i ab i l i ty i n  t h e  gra i n stored at amb i ent  

t emperature around 1 5°C and at  l ow mo i sture l ev e l s of  1 2% cou l d  be 

attr i buted to  the demi s e  of the fung a l  hyphae of f i e l d  fung i . 

Storage i n  the co l d appeared to preserve the v i ab i l i ty of funga l  

hyphae i n  the  bar l ey gra i n - compare the  smal l dec l i ne i n  v i ab i l i ty of  

these  hyph ae wi th that  of  hyp h ae from gra i n stored at  amb i ent  

temperature . 

Thus  a l though hypha l  fragments  were n umerous i n  stored gra i n ,  

re l at i ve l y  few were act u a l l y  v i ab l e .  I n  compar i so n ,  over 45% o f  the  
hypha l  fr agments from a moul dy s amp l e  exam i ned were v i ab l e .  Th i s  

p art i cu l ar samp l e  was t h e  on l y  s amp l e  from wh i ch Pen i c i l l i um and 

Aspergi l l u s s pec i es were obta i ned from hypha l  fragments . F i e l d fung i 

were l i ke l y  to be present i n  th i s  moul dy s amp l e ,  as ev i dent from the 

brown hyph ae p i cked up from the  s u pernatant by the m i cro-man i p u l at i on 

techn i q u e ,  but  these hyphae d i d  not  grow. One  obv i ous  exp l anat i on for 

the f a i l u re to grow i s  t h at  the hyphae were no  l onger v i ab l e .  Another 

p l aus i b l e  exp l anat i on ,  h owever ,  i s  that the  hypha l  fragments  were 

i n h i b i ted by the presence  of Aspergi l l u s  and Pen i c i l l i um .  Warnoc k 

( 1 973b ) h as demonstrated that there i s  a defi n i te i nh i b i t i on of A .  

a l tern ata mycel i um i n  the presence  of metabo l i c  products  by P .  

cyc l op i um .  However , th i s  m i g ht not be a factor w i th the present 

techn i q ue  as the fragments  h ad been separated by mi cro-man i pu l at i on .  
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The co l o n i es wh i c h grew from the  i s ol ated fragments from fresh l y­

h arvested and stored gra i n were i dent i f i ed as be i ng A l tern ar i a ,  

C l adospor i um ,  Drec h s l era  and Fusar i um .  These res u l t s  are i n  agreement  

w i th the  f i nd i ng s  of C h r i s te nsen ( 1 95 1 ) and E l ekes  ( 1 983 ) u s i ng wheat . 

C h r i stensen  found t h a t  most  of the  l i v i ng myce l i a  from h i gh-grade 

wheat gr a i n were those  of  A l ternar i a wh i l s t  mos t  of the l i v i ng 

myce l i um from l ow- grade  gra i n  be l onged to Pen i c i l l i um or Aspergi l l us 

spec i es . More recent l y  E l ekes  ( 1 983 ) ob served t h at A l ternar i a and 
s ome H e l m i nthospor i um myce l i a were common i n  the red and wh i te wheat 

gra i n var i et i es he co l l ected from E urope ,  North Amer i ca and Austra l i a . 

I n  add i t i on ,  he a l so  noted the  presence of F u s ar i um hyphae i n  the  

wheat h u s k  t i s s ues and  part i cu l ar l y  h i gh i nfect i ons  were present i n  

o l d red - gr a i ned whea t .  

T h u s  funga l  myc e l i um i s  n o t  o n l y  p l en t i f u l  i n  mou l dy bar l ey gra i n 

but  i s  a l s o  common l y found i n  normal grai n .  The  mycel i um ex i sts  as a 

fa i r l y  l oose  network  from wh i ch fragments c a n  be eas i l y  detached . 

A l though  most of these  hyphae are not  l i v i ng ,  a smal l percentage are 
v i ab l e  i n  a l l normal  gra i n  s amp l e s and an even h i gher proport i on are 

v i ab l e  i n  mou l dy gra i n .  So i n  some s i tuat i o n s  these v i ab l e  hypha l  

fr agments  may make a s i gn i f i cant  contr i bu t i on to  t he  tota l  v i ab l e  

counts . These hyph ae may a l so  serve to g i v e the fungus  a good 

i noc u l um for l ater s po i l age of the gra i n i f  cond i t i ons  become 
favourab l e for the i r  growth , and cou l d a l so  be respons i b l e  for 

mycotox i n product i on w i th i n  the  gra i n .  



Append i x  4 - 1 . Tab l e  s howi ng bar l ey sources , samp l es and s u bsamp l es 

B arley sources :  At harvest C ommercial s i los 

5 months 9 months 

N o .  of samples 8 7 6 

E xperiments 

Moist ure 

determi nati ons 8x2 ® Sg 7x2 ® Sg 6x2 ® Sg 

T otal count i ng 

t echnique 8x3 ® 1 g  7x3 ® 1 g 6x3 ® 1 g  

Membrane filt-

ration t echnique 8x3 ® 1 g  7x3 ® 1 g  6x3 ® 1 g  

Micro-manipulation * * * 

t echnique 3x1  ® 1 g  3x1 ® 1 g  3x1  ® 1 g  

Multi-mycotoxin * *  * * 

a nal yses 2 x 1  ® 2 5g 2x1 @ 25g 2x1  ® 2 5 g  

Laboratory 9 months 

Cold Ambient 

8 8 

8x2 ® Sg 8x2 ® Sg 

8x3 ® 1 g  8x3 ® 1 g  

8x3 ® 1 g  8x3 ® 1 g  

* * 

3x1  ® 1 g  3x1  ® 1 g  

* * 

2 x 1  ® 25g 2x1  @ 25g 

Farm silos 

6 months 

8 

8x2 ® Sg 

8x3 ® 1 g  

8x3 ® 1 g  

* 

3x1 @ l g  

* 

4x1  @ 25g 

Key for s ubsamp l i ng :  

1 s t fi gure represents n umber of samp l es u s ed 

2nd  f i gure represents n umber of s ubsamp l es 

3rd  f i gure represents n umber of  grams 

* t he  n umber of s amp l es act u a l l y  u sed 
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CHAPTER 5 

AFLATOX I N -PRODU C I NG POTENTI AL OF  

Aspergi l l u s  f l avus  I SOLATES 
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5 . 1 . I NTRODUCT ION  

Act i ve l y- growi ng  Aspergi l l u s f l avus prod u ces var i ous secondary 

metabol i tes , s ome of wh i c h are used i n  f l avour i ng var i ous  food s ,  

cond i ments and d r i n k s  espec i a l l y  i n  the  Far E a s t ,  b u t  others prod uce  

adverse effect s  i n  man  and an i mal s .  Some of these b i o l og i ca l l y- ac t i ve 

compound s  i nc l u de  af l atox i n s ,  koj i c  ac i d ,  B - n i troprop i on i c  ac i d ,  

asperg i l l i c ac i d ,  as pertox i n ,  f l avutox i n ,  cyc l o p i azon i c  ac i d ,  af l atrem 

and d i hydroxyaf l av i n i ne ( D av i s , 1 981 ; W i ck l ow and Co l e ,  1 982 ) . Of 

these , the  af l a tox i n s are t he  most  s i gn i f i c a nt  for the i r  h i gh tox i c i ty 

and carc i nogen i c i ty .  

I n  ear l i er stud i e s of the mycofl ora  o f  barl ey at h arve s t  and 

d u r i ng storage under var i ous cond i t i on s ,  a n umber of s pec i e s of 

Aspergi l l us were among st the  fung i i so l ated . Members of the  A.  f l avus 

group were i so l ated both from gra i ns  at harvest and from stored 

gra i n s .  The n umbers o f  s amp l e s y i e l d i ng � f l avus  showed a n  i ncrease 

from 3 7% of t hose  exami ned at harve st  to 70- 1 00% of samp l es wh i ch had 

been s tored at amb i ent temperature ( F i gu re  5- 1 ) .  
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F i g ure 5 - 1 : Proport i o n of bar l ey s amp l es from t he 6 sources yi e l d i n g 

A .  f l avus  

% 

1 00 . 0  

90 . 0  

80 . 0  

70 . 0  

60 . 0 

50 . 0  

40 . 0  

30 . 0 

20 . 0  

1 0 . 0  

0 . 0  

Sources : At harvest Commercial silos 

Storage t i me :  5 mths 9 mths 

Farm silos 

6 mths 

Laboratory storage 

9 mths · 9 ' .mths 
cold ambient 
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Thu s A .  f l avus  stra i n s were present i n  abundance i n  mo st  of the  

b ar l ey samp l es stud i ed ,  but  it  was  then  n ecess ary to determ i ne  the  

p resence of af l atox i ge n i c strai ns  among the  tot a l  i sol ates . Th i s  was 

assessed by both screen i ng on coconut  agar and by cu l t u r i ng  o n  a 

natura l  subs trate from wh i ch any af l atox i ns  produced cou l d be 

" h arvested " .  

S i nce Voge l  et �· ( 1 965 ) fi r s t  descr i bed an  agar f l u orescence 

test for de tect i ng af l atox i ns  e l aborated i nto a Czapek - Dox and 

groundnut  ex tract agar med i um ,  other  agar f l uorescent tech n i q ues have 

been used for r ap i d  screen i ng of A. f l avus popu l at i ons i so l ated from 

food stuffs , feed s etc . I n  th i s  st udy,  the coconut agar med i um 

formu l a ted by L i n  and D i anese ( 1 9 76 ) was  chosen i n  preference to  oth er 

med i a  ( Hara  et �. , 1 9 74 ; Torrey et �. , 1 9 76 and others ) for i ts 
s i mp l i c i ty 

i dent i f i ed 
and 

by 

ease of preparat i on .  

t he  rap i d  product i on of 

Tox i ge n i c  stra i n s  co u l d be 

u l tra- v i o l et ( U . V . ) l i ght-
i ndu ced f l uorescence i n  the  agar  surround i ng the  col ony of  a pos i t i ve 

c u l tu re . I t  i s  a l so  stated by L i n  a nd D i anese ( 1 976 ) t h a t  a spec i f i c  

orange-ye l l ow p i gmentat i on i s  dev e l o ped i n  the  reverse of pos i t i ve 

co l o n i e s .  

Cereal  gra i ns have been found t o  b e  good n atural  subs trates for 

the l a boratory product i on of af l atox i ns  by several  i nvest i gators 

( W i l dman  � �. , 1 967 ) . Th i s  i s  probab l y  due to the l arge total  

s urface area exposed to a i r  compared to th at of l i q u i d  cu l tures , and 

the  fact t h at mo i s t gr a i n s h ave a h i g h rat i o  of nutr i ents  to mo i s ture .  

I t  was  fe l t  nece ssary t o  cu l t ure � f l avus i s o l ates on a natura l  

s ubs trate to confi rm t h at the  f l uorescent mater i a l  produced by some 

i so l ates  of A .  f l avu s  i n  cocon u t  ag ar  i s  i ndeed af l atox i n .  Some A .  

f l avus  s t ra i ns are known t o  produce other chemi c a l  compound s wh i c h 

h ave  th e same f l uorescent c h aracter i st i c s as af l atox i n s  ( Go l db l att , 

1 969 ) .  The procedu re was c ho s en as bar l ey was the  substrate of or i g i n  

o f  the  stra i n s tested . Af l atoxi n product i on o n  such  a natura l  sub­

s tr ate cou l d be better r e l a ted to the  s i tuat i on i n  nature t han  wou l d 

b e  pos s i b l e  u s i ng l i q u i d  or  agar  med i a .  
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5 . 2 .  MATER I AL S  AND METHODS 

5 . 2 . 1 .  Asperg i l l u s stra i ns 

A tota l  of  8 1  random ly-se l ected i so l ates of A .  f l avus was o bta i n ed 

from bar l ey gra i n s at harve st  and after storage ( see C h apter 3 ) .  

These i so l ates  were t ransferred to  P o tato-Dextrose Agar conta i n i ng 

0 . 05 mg/cm3 c h l o ramphen i co l  and ma i nt a i ned on s l ants at room tempera­

t ure un t i l requ i red for test i ng . Pr i or to the  i nocu l at i on of  fres h l y­

prepared coconut agar p l ates the  i so l ates were passaged at reg u l ar 

i nterva l s on  a bed of steri l i sed bar l ey gra i n s as dep i cted i n  F i gure 

5 - 2 .  

( NRRL 

I n  ad d i t i on ,  a known tox i ge n i c  stra i n  of Aspergi l l u s paras i t i cus 

2999 ) supp l i ed by Dr . Rex G a l l agher  of the R u ak ura  An i mal  

Research Centre ,  Ham i l t on , was  u s ed as a pos i t i ve contro l . 

5 . 2 . 2 .  Sc reen i ng method 

a )  Preparat i o n of coconut agar  p l ates : 
Commerc i a  1 " Coconut C ream"  as manufact ured by Samoa Trop i  ea 1 
Products  L i m i ted was u s ed as  the s u b strate .  A can  of Coconut 

Cream wi th a net we i g ht of 420 g conta i ns  430 cm3 of coconut  

c ream ,  water and po l ysorbate  60 .  To  200 cm3 of  coco nut  cream was 

added 600 cm3 of d i s t i l l ed water and 1 . 5% ag ar .  The pH  of t he  

res u l t i ng med i um was  approx i mate l y  6 . 9 .  After autoc l av i ng at 
1 2 1 °C for 20 mi nutes , t h e  med i um was d i s pen sed asept i ca l l y  i nto 

s ter i l e  petr i  d i shes . 

b )  I noc u l a t i on of p l ates  a nd observat i on of f l uorescen c e :  

Str a i ns of A .  f l a vus  i s o l a tes were i noc u l ated o n t o  t h e  centre of 

t h e  coco nut  ag ar p l ates  and the p l ates i ncu b ated i n  the dark at 
2 5°C .  From the 3rd  th rough  t o  the 2 1 s t day of i nc u bat i o n ,  the  
p l ates were i nv e rted and observed for  f l u orescence around the  

c o l o n i es under l o ng -wave ( 36 5  nm)  u l tra-v i o l et l i g ht  from a hand­

he l d l amp  or i n  a C h romato-Vue  c ab i net . 



F i gure  5 - 2 : Ser i a l transfers of A .  f l avus  spec i es on bar l ey gra i n s  

1 5  g who l e  bar l ey gra i ns 
+ 

1 0  cm3 d i s t i l l ed water 

l �\ � L arge _;-
-petr i  d i s h  

l 
Autoc l aved 20 mi n s . , 1 2 1 ° (  

� fl av u s  spores 

� from c u l t ure  bott l e  

I ncu bate 2 5 ° (  7 d ays 

R epeat above proced u re twi ce more , 

i nocu l at i ng � · f l av u s  from p receed i ng d i s h  

o nto fresh  p l ates of ster i l e  bar l ey 

each t i me 

l 
A .  f l av u s  screened for toxi ge n i c i ty 
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5 . 2 . 3 .  Se l ec t i on of A .  f l avu s  i s o l ates for screen i ng 

Some of  the A .  f l avus  i s o l ates prev i ou s l y  screened on  coconut  

agar  were randoml y se l ected for  cu l t ure on ster i l e  who l e  b ar l ey gra i ns  

t o  i nvest i gate  the i r  a b i l i ty to  form af l atox i n .  

A l l 8 1  i so l a tes were grouped i nto 6 samp l i ng un i ts i n  re l at i on to 

t h e i r source ( Tab l e  5-2 ) .  The i de n t i f i c at i on code of every i s o l ate i n  

e ach  u n i t  was wr i tten on  a p i ece of  paper .  The total p i eces of paper 

b e l o ng i ng t o  one  u n i t were s h aken  i n  a bag before be i ng i nd i v i du a l l y  

dr awn out at r andom. I n  th i s  way , a " frame " for each  s amp l i ng u n i t ,  

made u p  of i de nt i f i cat i on codes l i sted i n  the order i n  wh i c h they were 

d rawn from the  bag , was con structed . 

The 4 A .  f l avus  i so l ates from grai n s  at h arvest were a l l s creened 

for af l atox i n product i on ,  together wi t h  5 i sol ates from each of the 

rema i n i ng samp l i ng u n i t s .  Depend i ng on the l ength of the frame i n  

e ac h  samp l i ng u n i t ,  one i nd i v i du a l  was chosen and the  other 4 

i nd i v i dua l s were taken at regu l ar i n terva l s .  I n  c ases where an 

i s o l ate pos i t i ve on coco nut agar ( Ta b l e  5-4 ) was not se l ected , i t  was 

i nc l uded as the 6th i so l ate to be screened for tox i gen i c i ty .  

5 . 2 . 3 . 1 .  C u l t u r i ng A .  f l avus  for tox i ns  

The  se l ected A .  f l avu s  i so l ates from coconut  agar p l ates were 

i nocu l ated onto steri l e ,  mo i st bar l ey i n  g l a s s  p l ates , and i ncu bated 

i n  the  dark for 7 days at 2 5°C .  These cu l t ures were used as the  

so urce of  i noc u l um for  du p l i cate test  c u l tures on  1 5  g of  ster i l e ,  

mo i st bar l ey conta i ned i n  w i de-mouthed , screw-capped g l a s s  bott l e s .  

I ncubat i on was i n  the dark at 25°C .  O ne  bott l e  of eac h i so l ate was 

extracted for tox i ns on  the 7th day and the other on the 1 8t h  d ay of 
* 

i nc u b at i on .  An a l yt i ca l  grade so l vents  and chemi ca l s were used 

th roughout .  

5 . 2 . 3 . 2 . Recove ry of  af l atox i ns  from bar l ey c u l t ures 

a )  Tox i n extract i on :  

U s i ng a method recommended by the Trop i c a l  Products  I n s t i tute  

( Jones , 1 9 72 ) ( F i gure  5 -3 ) ,  af l atoxi n s  were extracted wi th 

* B . D . H .  Chemi ca l s ,  Poo l e ,  E n g l and . 



F i gure 5-3  Recovery of af l atox i ns  from bar l ey c u l t ures 

Barley 
culture 

CHC13 : MeOH 
70 : 3 0  3 

____ t ___ ........._� E x tract :---.fi lter ,  Whatman N o .  
� 30 mins � + cel i t e  

1 0  j CHC J3 

C lean- up -----------? Cu Carbonate 

E va porate 
to dryness 

~ 
Pass through bed o f  
anhydrous Na2so4 

�m3 CHCJ3 

fi lter,  Whatman No.  1 
+ celite 

Redi ssol ved i n  
CHC1 3 1 Thin-layer chromatography 

----------� Develop plates i n :  
1 )  di ethyl e ther 2 ) CHC13 : ace tone ( 9 : 1 )  

S tored i n  cold 

(J1 
0'1 
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c h l oroform :meth anol  ( CHC l 3 : MeOH , 70 : 30 ) . The bar l ey c u l ture was 
broken up and ground wi th a pes t l e after the ad d i t i o n of 1 5  cm3 of 

c h l oroform . S uffi c i ent c h l oroform-meth anol  mi xture was added to 

g i ve a fi na l  

af l atox i n s  were 

rat i o  of c h l oroform-meth anol  of 

extracted i nto  the so l vent m i xture 

70 : 30 .  The 

by v i gorous 

s h ak i ng on  a rec i procat i ng s h aker  for 30 m i nutes . 

b ) C l e a n - u p  of extract : 
After t he  so l i d  res i dues were g i ven a few mi n utes to sett l e ,  the 

so l vent  mi xture conta i n i ng af l atox i ns  was f i l tered through  Wh atman 
No . 1 f i l ter paper and C e l i te Hyf l o-Superce l f i l ter a i d .  

C h l o roform ( 1 0  cm3 ) was used t o  wash the  res i dues .  The extract 

was " c l e aned " by swi r l i ng wi th b as i c  copper c arbonate .  When the 
co pper c arbonate had been a l l owed to sett l e ,  the extract was aga i n  

p a s sed through f i l ter paper and Ce l i te fi l ter a i d .  The copper 

c arbonate res i due  was washed wi th 1 0  cm3 CHC 1 3 and the CHC 1 3 
f i l t ered throug h the prev i ous l y- used f i l ter paper and f i l ter a i d 

i nto the pool of treated extrac t .  Fo l l owi ng th i s ,  the poo l ed 

extract  was dra i ned through a bed of anhydrous sod i um s u l ph ate 
( Na2so4 ) . The bed of  s od i um s u l phate was then washed wi th a 

f urther  1 0  cm3 c h l o roform . 

c ) Concentrat i on of extract : 

The poo l ed extract was evaporated to near dryness i n  a c l ean , 

round-bottomed g l ass  vesse l , under vacuum on  

evaporator . The  rema i n i ng extract  was d i sso l ved 
and transferred to  a smal l g l a s s  v i a l for storage 

for a s s ayi ng . 

5 . 2 . 3 . 3 .  Detect i on of Afl atox i n s  present i n  extract s 

a ) Th i n  l ayer chromatography:  

i ) Spott i ng  of extract s :  

a B u c h i  
. 2 3 1 n  cm 

rotary 

CHC 1 3 
unt i l req u i red 

2 0  x 20 cm al umi n i um- b acked  th i n  l ayer chromatogr aph i c ( TLC ) 
* 

p l ates ( Merck ) were used to  exam i ne both test extracts and 

s t andard s .  Before spot t i ng , the p l ates were act i vated for 60 

m i n u tes at 1 1 0°C .  The p l ates were then a l l owed to  cool  to room 

t emperat ure before spott i ng on a pre-marked l i n e .  D i sposab l e  

* T . L . C .  p l ates - precoated wi t h  0 . 2  mm s i l i c a gel  60 F (wi thout 
f l uorescent i nd i cator ) E .  Merc k , Darmstadt , F . R .  Germany�54  
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mi cro - p i pettes* were u sed to spot 5 . 0  p t ,  1 0 . 0  p t ,  20 . 0  p t  o f  s amp l e  
extrac t s  and af l atox i n s standard s# . 

i i ) Deve l o pmen t  of TLC p l ates : 

Spotted TLC p l ates  were f i rst deve l o ped i n  a l i ned , eq u i l i brated 

t an k  of an a l yt i ca l  grade d i ethyl ether , u nder s ubdued l i g ht to a 

mark 1 5 . 0  cm from the l i ne of  s potted extracts . The p l ates were 

a l l owed to a i r dry i n  a dark fume cu pboard before they were 

redeve l oped i n  a m ixture of c h l oroform- acetone ( 9 : 1 )  conta i ned 
i n  a l i ned , eq u i l i brated tank to a mark 1 2 . 0  cm from t he  o r i g i ­
n a l  l i ne o f  s pot ted extract s .  Dev e l oped p l ates were then a i r 

d r i ed i n  a fume cu pboard and fi n a l l y  v i ewed i n  a C hromate - v ue  

c u pboard u n der  u l tra-v i o l et l i ght . 

i i i ) Chemi ca l  confi rmat i on of  af l atox i n s :  

E x tracts wh i c h produ ced f l uorescent spots after deve l op i ng i n  

c h l oroform acetone ( 9 : 1 )  at Rf� s i m i l ar to the s t andard s u s ed 
were chemi c a l l y  confi rmed for the presence of af l at ox i n s .  

i v ) Der i vat i ve format i on w i t h  Tr i f l uoroacet i c ac i d :  

The  method descri bed by P rzybyl s k i  ( 1 97 5 ) was u s ed for deri va-

t i ve format i on . Fres h l y- prepared tr i f l uoroacet i c ac i d  ( TFA ) 
d i l u ted 1 : 1 wi th ch l oroform , was u sed througho u t .  TLC p l ates  

were act i va ted and spotted wi th 5 . 0  pt  and 1 0 . 0  pt  of  s u s pected 

af l atox i n  ex tracts and af l atox i n  standard s .  TFA ( 1 0 . 0  p t )  was 

then  s uper imposed on  these  spot s .  The spots were a l l owed to  
react for 5 m i n utes in  a dark fume c upboard . They were then  
dr i ed wi th the a i d  o f  an a i r  b l ower , b u t  care was taken  to -
en s ure that  the  a i r temperature above the s pots  d i d  not exceed 

40°C .  The prepared TLC  p l ates were dev e l oped as o u t l i ned i n  
Sect i on 5 . 2 .3 . 3 .  

v ) Treatment wi th 2 5% s u phur i c  ac i d :  

Act i va ted TLC p l ates were spotted wi th  5 . 0  p t  of s u s pect 

extrac t s  and af l atox i n s t andard s .  The s pots were a i r  d r i ed i n  a 

f ume c u pboard before the  TLC p l ates  were dev e l o ped as  i n  

5 . 2 . 3 . 3 .  After dryi ng the  deve l o ped p l ates were v i ewed i n  a 

C hromate-vue cab i net and the  f l uorescent s pots  were l i g ht l y  

out l i n ed by penc i l .  S u l phur i c  ac i d  was then sprayed onto the  

* Cap i l l ary m i cro-p i pettes were obt a i ned from Drummond Sc i en t i f i c 
C o . , U . S . A .  # See p .  1 81 for concentrat i on s  and source . 
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TLC p l ates concentrat i ng on those  areas where the  o u t l i ned spots 
were l oc ated . The treated TLC p l a tes were a l l owed to a i r  dry i n  

the  dark before v i ewi ng u nder u l t ra -v i o l et l i g ht . 

5 . 3 .  RE SULTS 

5 . 3 . 1 . Sc reen i ng of  A. f l avus  I s o l ates on Coconut  Agar 

U n i n oc u l ated coconut agar p l ates and p l ates i nocu l a ted wi th  non­

toxi n -formi ng i so l ates appear d u l l grey under U . V . l i g ht . A l l t he  

af l a tox i n-pos i t i ve ( AT ) � f l avus  i so l ates tested were observed to 

produce  a c h ar acteri st i c  b l u i s h f l uorescence s i m i l ar to that  prod uced 

by the control  stra i n ,  A .  paras i t i cu s  NRRL 2 999 ( P l ate  5 - 1 ) .  The 

b l u i s h f l uorescence of AT-pos i t i ve i s ol ates became d i s t i nct  on the 4th 
d ay of  i nc ubat i on at 25°C ( Tab l e  5 - 1 ) ,  and was s t i l l  percept i b l e  at  

t he  end of t he  2 1 - d ay i ncubat i o n per i od .  

Tab l e  5 - 1 : P roduct i on of f l uorescence by tox igen i c  A .  f l avus  i so l ates 

( 5  i so l ates from 4 s ources ) 

Source o f  strain 

H arvest samples 

C o mmercial s i los 

9 months 

F a rm silos 

6 months 

L aboratory s t o r age 

C ol d .  9 months 

Appearance o f  fluorescence Presence o f  

No . o f  days pigment a t i on o f  

3 4 5 6 7 1 0  1 2  1 4  1 7  2 1  colony reverse 

� � + + + + + + + Yel low-b rown 

� + + + + + + + + + Light yel low 

+ + + + + + + + + + Yellow 

� + + + + + + + + + Light yel low 

� + + + + + + + + + Yel low 



P l ate  5 - 1 . F l uorescence i n  Coconut agar under U . V .  l i g ht . 

1 .  P l ate i noc u l ated wi th  k nown afl atox i n -pos i t i ve 

� paras i t i cu s , NRRL 2999 . 

2 .  P l ate i nocu l ated wi th  tes t � f l av us  i so l ate  ( Po s i t i ve )  

3 .  P l at e  i nocu l a ted  wi th  af l atox i n -nega t i ve � f l avus  

i so l ate 
4 . U n i nocu l ated coconut  agar p l ate . 
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Ye l l ow  t o  ye l l ow- b rown p i gmen t at i on was present  on  t h e  reverse  of  

a l l t h e  f l u o rescent  co l o n i e s but  t h e  presence  of p i gmentat i on was  n o t  

a n  exc l u s i ve fe ature of  tox i n - pos i t i ve i so l ates . The  r e v e r s e  o f  

c o l o n i es of s ome AT- negat i ve i s o l a te s  were  a l so ye l l ow 

brown . I s o l a tes wh i c h d i d  not  prod u c e  any f l uorescence by 

5th day o f  i nc u b a t i on fa i l ed t o  do  s o  even  after 

i nc u b at i on .  

t o  ye l l ow­

t h e  4th or 

21  d ays of 

Ta b l e  5 - 2  s hows the  n umb er of tox i ge n i c � f l avus  i so l ates  from 

v a r i ous  s amp l e s i n  re l a t i on to  t h e  tota l  n umber of i s o l a te s . 

percentage  o f  p o s i t i ve af l atox i n producers  tes ted on c o c o n u t  

v a r i ed from 2 5 . 0% of i s o l ates from g r a i n s  at  h arvest  t o  3 . 2% o f  

The  

agar  

t hose  

kept  i n  f a rm s i l o s .  B u t  t he  act u a l  n umber of  pos i t i ve s tr a i n s  present  

s howed l i t t l e c h ange from h arve s t  to  s torage  even  though  the  t o t a l  

n umbers  o f  i s o l ates  m a y  h ave i nc r e a s ed drama t i c a l l y .  O vera l l ,  about  

6%  of  the  8 1  A .  f l avu s i so l a te s  sc reened were cap ab l e  of tox i n  

produc t i on .  

Tab l e  5-2 : F l uorescence  of A .  f l a v u s  i s o l ates  on Coconut  Agar  

Sources  

At h ar v e s t  

Commerc i a l 5 months  

s i l o s 9 month s 

F arm s i l o s  6 month s 

L a boratory Co l d 

9 mon t h s  

Amb i en t  

T o t a l  

No . t e s ted  

4 

1 5  

1 1  

3 1  

9 

1 1  

8 1  

A .  f l a v u s  i so l ates  

No . s how i ng  

f l u ores cence % p o s i t i ve 

2 5 . 0  

0 0 

9 .  1 

3 . 2  

2 22 . 2  

0 0 

5 6 . 2  
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Tab l e  5-3  s ummar i s es t he  resu l t s of  f l uorescence test i ng together 

w i t h p i gmen t  prod uct i on o n  coconut  agar of a l l A .  f l avus  i s o l ates  

ex ami ned . 

Ta b l e  5-3 : Product i on of f l uorescence and p igmentat i o n � coconut  agar 

med i um by A .  f l a v u s  i so l ates 

S amp l e s Tot a l  

At  ha rvest 4 

Commerc i a l s i l o s 

5 month s 1 5  

9 month s 1 1  

L aboratory 

9 months  co l d 9 

amb i ent  1 1  

F arm s i l o s  

6 months  3 1  

A .  p ar a s i t i cus  -
NRRL 2999  

No . of A .  f l avus  I s o l ates 
F l uorescence P igmentat i on 

+ve +ve -ve 

1 3 

0 2 1 3  

1 8 3 

2 4 5 

0 4 7 

1 1 5  1 6  

1 1 

P i gmentat i on 

co l our  

Ye l l ow-brown 

L i ght ye l l ow 

L i ght  ye l l ow 

to 

ye l l ow-brown 

L i ght ye l l ow 

to ye l l ow 

L i ght  ye l l ow 

to 

ye l l ow- brown 

L i ght  ye l l ow 

to  

yel l ow- brown 

Ye l l ow-brown 
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5 . 3 . 2 .  Screen i ng of Se l ected � f l avus  I s o l ates on B ar l ey 

The i n i t i a l deve l o pment  of TLC p l ates i n  d i ethyl  ether he l ped 

remove to the so l vent  front fats and i mpur i t i es present  i n  the ext­

ract . On  s ubsequent  deve l o pment  i n  c h l oroform- aceton e ,  a chromatogr am 

s howi ng br i ght  f l uorescent  s pots of af l atox i n s  s uc h  a s  i n  P l ate 5 - 2  

c a n  b e  obt a i ned . By  compar i ng the  R f  v a l ues  of  t h e  f l uorescent spots  

of  A .  f l avus  extract s and afl atox i n standard s , t he  af l atox i n  produced 

by a l l t he  tox i gen i c  i s ol ates were i dent i f i ed to be af l atox i n B 1  
( Tab l e  5 -4 ) .  

I n  n o  case  co u l d af l atox i n s  B2 , G1 or G2 be detected . The t ab l e  

a l so  s hows t hat a l l t he  A .  f l av u s  i s o l ates wh i c h prod uced af l atox i n s 

after 7 days ' i ncubat i on a l so produced detect ab l e  amou n t s  of the  s ame 

af l atox i n s  after 1 8  days ' i ncubat i on .  

By ac i d- c at a l ysed hydr at i on , af l atox i n B 1  hem i aceta l s  are formed 

i n  react i ng af l atox i n B1 w i th tr i f l uoroacet i c  ac i d  i n  the pre sence of 
water . These  s how up as b l u i s h f l uorescent spots  on TLC p l ates deve­

l o ped i n  appropr i ate so l vent  systems , for examp l e  c h l oroform- acetone 

( 9 : 1 ) a s  i n  P l ate 5 - 3 .  The forma t i on of these f l uorescent  spots of 

a f l atox i n B1  der i v at i ve at the s ame Rf v a l u e s  as corre s pond i ng s ta n ­

d ards  confi rmed t he  presence of af l atox i n  B1 . 

Tab l e  5-4 : Af l atox i n  prod uct i o n  by se l ected A .  f l av u s  i so l ates on 

s ter i l e  b ar l ey 

Days of i ncubation 

Total n o .  7 1 8  I dentity o f  

Samples tested No.  +ve No . -ve No . +ve No. -ve A fla toxins 

A t  harvest 4 3 3 8 1  

C ommercial 5 months 5 0 5 0 5 

s i l o s  9 months 5 4 4 8 1  

F a rm s i los 6 months 6 5 5 8 1  

L a b o ratory Cold 6 2 4 2 4 8 1  

9 months Amb i ent 5 0 5 0 5 



P l ate 5 - 2 . Th i n  l ayer chromatography p l ate deve l oped i n  d i ethyl -ether 

fo l l owed by ch l oroform-acetone . 

* 

Showi ng b l ue f l u orescent spot ( s ) of : 

7 :  afl atox i n  s t andards , 8 1 , 82 , G 1 , G2  

6 :  af l atox i n s from � paras i t i c u s , NRRL 2999 

3 :  af l atox i n 8 '1 from pos i t i ve � f l avu s  i s o l ate .  

Nos . 1 ,  2 ,  4 and 5 are s pots of negat i v e extract s .  

S pots and s treak s at the  top of the p l ate  are i mpur i t i es i n  

t he extrac t s . 

T . L . C . p l ate prev i ou s l y  spotted wi th  1 0  � £  af l atox i n  extracts and 

st andard s .  
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2 3 4 5 6 7 



P l ate 5 -3 . TLC p l ate of af l atox i n spots  treated w i th TFA . 

A ,  D ,  G B l ue f l uorescent  spots of af l atox i n  B 1  from 

pos i t i ve extracts  

r 
B ,  E ,  H B l ue f l uorescent  spots of  hemi acet a l s from ; c;J 

pos i t i ve extract s + T . F . A .  

C ,  F B l ue f l uorescent  spots of hemi aceta l s of 1 v� 
af l atox i n  stand ards + T . F . A .  

s F l uorescent s pots  of af l atox i n  stand ard s . ( 'of )  

P l ate 5-4 . TLC  p l ate s p r ayed wi th 25% s u l p hur i c ac i d .  

A ,  B ,  C ,  D ,  E ,  F 

s 

Ye l l ow s pots of af l atox i n s from 

pos i t i v e i so l ates  on react i ng w i th  

s u l phu r i c  ac i d  

Ye l l ow s pots  of af l atoxi n s t andards  

+ s u l p h u r i c  ac i d  



A B 

A 

c D E 

B C D E 

1 64 

F G H s 

F s 
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F urther confi rmat i on of the  presence of  afl atox i n s i n  the  s amp l es 

was obt a i ned by sprayi ng wi th 2 5% s u l phu r i c  ac i d ,  wh i c h ch anged the  

f l uorescent  s pots of � f l avus  extract s from b l u e to ye l l ow ( P l ate 5-

4 ) .  The b l u i s h f l uorescence of t he  st andard af l atoxi n 8 1  der i v at i ve 

a l so changed to  ye l l ow on be i ng sprayed wi th s u l phur i c  ac i d .  

W i thout  except i on ,  a l l t he  A .  f l avus  i so l ates wh i ch prod uced 
b l u i s h f l uorescence i n  coconut  agar  a l so  prod uced af l atox i n s when 
c u l t ured i n  steri l e  bar l ey . None  of  the  coconut  agar neg a t i ve 
i so l ates prod uced any af l atoxi n s  ( Tab l e  5 - 5 ) .  
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T ab l e  5 - 5 : Af l at ox i n produc t i on � coconut agar and  l.r!._ ster i l e  bar l ey 
c u l t ure by s e l ected A .  f l avus  i s o l ates 

Source  o f  
i s o l a t e  

( Gr a i n  s amp l es )  

At h ar v e s t  
� 
2 .  
3 . 
4 .  

C omme rc i a l  s i l o s 
5 months  

1 . 
2 .  
3 .  
4 .  
5 .  

C omme r c i a l s i  l o s  
9 mon t h s  

1 . 
2 .  
3 .  
4 .  
5 .  

F arm s i l os 
--6 mon t h s  
1 . 
2 .  
3 .  
4 .  
5 .  
6 .  

A f l atox i n  p roduct i on o n  bar l ey 
F l u orescence on D ays of i ncubat i on I de n t i ty of 
coconut  agar  7 1 8  a f l atox i n s 

+ + + 8 1  

+ + + 8 1  

+ + + 8 1  

L abor atory s to r age 
co l d ,  9 mon t h s  
1 . 
2 .  
3 . 
4 .  + + + 81  
5 .  
6 .  + + + 8 1  

L abor atory storage 
amb i ent  temperature  

9 mon t h s  
1 .  
2 .  
3 . 
4 .  
5 .  
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5 . 4 .  D I SCUSS I ON 

A .  f l a vu s  h as been reported to grow and produce af l atox i n s  on 

coconut  and coconut  product s i n  n ature ( D i ener a nd D av i s ,  1 969 ; Scott , 

1 9 78 ) . I n  the  l aboratory , Arsecu l eratne et � ( 1 969 ) found coconut  to 

be far s uper i or to  many n a t ura l  substrates for af l atox i n product i on .  

I n  fact they recorded mas s i ve y i e l d s  of  8 mg of tot a l  af l atox i n s per g 
o f  s u bstrat e .  I t  was s u s pected th at h i gh y i e l d s o f  af l atox i n s  were 

po s s i b l e  bec a u s e  the i r  produc t i on on coco nut  was e n h anced by coconut  

fats  and  carbohydrates . Coco n ut a l so  has  a rel at i ve l y  l ow content  of  

u n s at u r ated fatty ac i d s  wh i c h are respons i b l e  for  the format i on of  

l ower q u ant i t i es of  perox i d i zed esters  that have been demon strated to  

deg rade afl atox i n s  ( C i eg l er ,  1 966 ) . 

I n  ad d i t i on ,  the u se  of  coconut  as the maj or const i t uent i n  a 

med i um descr i bed by L i n  and  D i anese ( 1 976 ) had many other ad vantage s .  

The  coconut med i um not o n l y  prov i des  an opaque , wh i te back ground 

aga i n s t  wh i c h any f l uorescence produc ed can be e a s i l y  d i s t i ng u i shed , 

t h e  f l u ore scence  produced i n  the med i um by afl atox i ge n i c  i s o l ates j s  
s t ab l e .  W i th i n  3-5 days , a l l the af l atox i gen i c  i s o l ates  of the  81 � 

f l avus  i so l a t es tested produced character i s t i c b l u i s h f l uorescence 

wh i c h d i d  not  fade throug hout  the 21  days of i ncubat i on .  Th i s  m i ght  be 

due to l i t t l e afl atox i n degrad a t i on i n  the med i um comb i ned wi th 

c o nt i n uous af l a toxi n product i on as A .  f l avus  en zymes mai n t a i ned 

l i po l ys i s  of  coconut fatty ac i d s .  

None of  the AT- neg a t i ve i s o l ates produced any k i nd of  

f l u orescence i n  coconut  aga r .  Even  AT- po s i t i ve i s o l ates  produced on l y  

c h aracter i st i c  f l uore scence  i nd i c a t i ng  that the  med i um i s  very l i k e l y  

t o  be spec i f i c for afl atoxi n - i nduced f l uore scence .  

L i n  a n d  D i anese ( 1 9 7 6 ) reported t he  product i on of orange -ye l l ow 

p i gments  on  the  reverse of af l atox i ge n i c  co l o n i es cu l t u red on coconut  

med i um .  Th i s  p i gmen t  i s  l i ke l y  t o  b e  t h a t  o f  averuf i n ,  a n  i nterme­

d i ate  compound i n  the b i osynthes i s  of af l atox i n s  ( Donker s l oot  et � . ,  

1 9 7 2 ; L i n  et � . ,  1 973 ; L i n  and D i anese ,  1 9 76 ) . W i l dman  � � · ( 1 96 7 ) 

a l s o  noted t h e  assoc i at i on of  ye l l ow p i gments  wi th  t ox i ge n i c � f l av u s  

s t r a i n s  a n d  Arsecu l eratne  et � · ( 1 969 ) ob served th at t ox i ge n i c  

s t r a i n s  of A .  f l avus  produce abundant  ye l l ow p i gments  on gr ated 
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coco n u t  after one day ' s i nc u b at i on .  These p i gments  t urned l i g ht brown 

by the  3rd day of i ncubat i on .  I n  the present s t udy ,  when 8 1  � f l av u s  

i s o l ates  were screened o n  coconut a g a r  med i um ,  p i gment product i on was 

not o n l y  confi ned to the  5 t ox i c i so l ates . Th i s  ob servat i on was i n  

agreement wi th those  reported by H u s se i n  ( 1 983 ) who a l so  co u l d  not  

s ub s t a n t i ate the observ at i on that p i gment prod uct i on i nd i c ates the  

presence  of  tox i n s .  Th u s  the  appearance of p i gments  i n  coconut med i um 

i s  probab l y  not re l i ab l e  as a so l e  cr i ter i on for i de n t i fyi ng toxi gen i c  

A .  f l avus  i s o l ates as propo sed by D i ener and D av i s  ( 1 976 ) .  

The coconut agar sc reen i ng tec hn i q ue may h ave l i mi ted u sefu l ne s s  

for  detect i ng weak AT- producers . D i ener and D av i s  ( 1 9 76 ) ob served 

f l u ore scence prod uced by a weak af l atox i gen i c  � f l avus s tr a i n  after 5 

d ays ' i nc u b at i on .  Myl v a ganam ( 1 984 ) who used coco n ut agar  to screen 

A .  f l avus  i s o l ates from pou l try feed s ,  pou l t ry l i t ter and the a i r of 

pou l t ry s heds found that A.  f l avus  i s o l ates t h at produced weak f l uor­
escence  on  coconut  agar after 1 2  days ' i ncubat i on d i d  not produce  any 

detectab l e  af l atox i n s  on s u bseq uent  cu l t ure on  s em i synthet i c  l i q u i d  

med i um ( SMKY ; see Ch apter 1 ) . I t  was s ugges ted t h at e i ther too l ow 

l ev e l s of  af l a tox i n  were produced i n  the l i q u i d  med i um to be detec­

t ab l e  on ch romatograms , or the coconut  agar test  was fa l s e l y  pos i t i ve .  

When a tota l  of 3 1 s e l ected A .  f l avus i s o l at e s ,  wh i c h i nc l u ded 

f l u orescent pos i t i ve and f l uorescent negat i ve producers we re cu l t u red 

on  ster i l e  bar l ey i n  th i s  study, i t  was found that a l l the i s o l ates 

that produced f l uorescence on coconut  agar a l s o  produced af l atox i n s  on 

b a r l ey. S i mi l ar l y  H u s se i n  ( 1 983 ) found t h at  a l l the A. f l a v u s  

i s o l ates th at produced f l u orescence o n  coconut  agar a l so  produced 

a f l a tox i n s when cu l t ured on a var i ety of n at ura l  s ubstrates and a 

s em i synthet i c  l i qu i d  med i um ( SMKY ) .  I t  can  be i n ferred from these  

s t ud i es t hat fa l se pos i t i ves  from coconut  agar  tests , e spec i a l l y  where 

s trong character i s t i c f l uorescence was exh i b i ted , were u n l i ke l y  t o  

occ u r .  F u rth ermore , A .  f l avus  i s o l ates wh i ch d i d  n o t  produce  any 

f l u orescence on cocon u t  agar  were found to be non-tox i n producers  o n  

b ar l ey ,  hence ru l i ng o u t  the  pos s i b i l i ty of  f a l se  nega t i ve s .  So , when 

coconut  agar med i um i s  chosen for rout i ne s creen i ng ,  i t  wou l d  be 

necess ary o n l y  to  app l y  another test to c onfi rm c a ses where 

f l u orescence product i on was doubtfu l  or  to seek weak af l atox i n  

producers  amongst  tho se  that produced no f l uorescenc e .  
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Among s t  the popu l a t i ons  of A .  f l avus  i so l ates screened for 

tox i ge n i c i ty ,  the freq uenc i e s of tox i c  stra i n s  var i ed from 25% of 

i so l ates from gra i ns  at harvest  to 3% of i s o l ates  from gra i n s  stored 
u nder d i fferent cond i t i on s . These  var i at i on s  i n  freq uenc i es can be 

attr i buted t o  the con s i derab l y  l arger number of A.  f l avus  i s o l ates  

obta i ned from stored g r a i ns compared wi th gr a i n s at  h arve s t .  The  

act ua l  n umber of t ox i g en i c  i s o l ates rema i ned  fa i r l y  constant  

i nd i ca t i ng that  cond i t i on s  under  wh i c h the gr a i n s  were stored d i d  n ot 

encourage the  act i ve growth of s uc h  fung i . 

Severa l  i nves t i ga tors h ave  s hown s i g n i f i can t var i at i on s  i n  t he  

p reva l ence  of  tox i ge n i c �  f l avus  i s o l ates obt a i n ed from a var i ety of 

n atura l  s u b strates i n  Austra l i a - New Zea l and ( Tab l e  5-6 ) and from 

other parts  of the wor l d  ( Tab l e  5 - 7 ) . Wh i l s t a proport i on  rang i ng 

from 2 . 7% i n  I nd i a  to 9 5 . 7% i n  U . S . A .  of A .  f l av u s  i s o l ates te sted i n  

v i tro was capab l e  of  afl atox i n  prod uct i on ,  the overa l l 6 . 2% 

af l atox i ge n i c  i s o l ates  se l ected from bar l ey i n  t h i s  i nves t i gat i on was 

comparat i ve l y  l ow .  A l s o ,  H u s s e i n  ( 1 983 ) d i d  not s ucceed i n  obta i n i ng 

any af l atox i ge n i c  stra i n s of � f l avu s  i s o l ated from bar l ey stored on  

New Zea l a nd farms , a l t hough he  tr i ed screen i ng � f l av us  stra i n s on  a 

v ar i ety of semi syn th e t i c and n atura l  s u bstrates . 

I t  h a s  been k nown for q u i te some t i me that not a l l randoml y­

s e l ect ed A .  fl av u s  i s o l ates are ca pab l e  of synthes i z i ng af l atox i n s 

( Bo l l er and Schroeder , 1 96 6 ;  W i l dman et  �'  1 96 7 ;  Wog an , 1 969 ; 



Tab l e 5 -6 : Tox igen i c  A .  f l avus  i so l ates from n atur a l  sub strates i n  Au stra l i a  and New Zea l and 

Af l atox i n  
Or i g i n  of N o .  A. f l avus  % compound s 
i s o l ates Country C u l t ure med i a  s urveyed pos i t i ve produced References 

So i l New Zea l and SMKY , ' weetb i x ' , 
pear l ed b ar l ey B 1  
& b ar l ey h u s k s  9 7 7 . 8  trace B2 H u s se i n  ( 1 983 )  

P o u l t ry l i tter Coconut  agar , 
p o u l t ry feed New Zea l and SMKY > 300 20 . 0  A l l 4 Myl v aganam ( 1 984 ) 

Feed st uffs Austra l i a  Sorg hum & B 1  B aseden and 
pean u t  20 5 5 . 0  tr ace B2  A l dr � ck ( 1 9 70 )  

Sorghum Austra l i a  G l ucose  ammon i um 
n i trate & Czapek Dox Connol e and 
agar + peanut  extract 29  3 . 5  B 1  H i l l  ( 1 9 70 )  

Feed s t uffs  Austra l i a  Wheat 49  8 1 . 6  A l l 4 ,  Bryden e t  a l . 
ma i n l y  B 1  ( 1 97 5 )

- -

Feed stuffs Austra l i a  Ma i ze 200 49 . 0  B 1 , G1  Conno l e et a l . 
( 1 981 ) 

- --

-....J 0 



Tab l e  5 - 7 : I so l ates of the  A .  - -- f l av u s  group  prod uc i ng af l atox i n s i n  - var i o u s  parts of the  wor l d  

A fla toxin 
O r i gin of Culture No . A. flavus ., compounds ,. 
i s olates Country Med ia surveyea- p os i t i ve produced R e ferences 

Peanuts & I ndia  Pe anut 1 50 2 . 7  8 1  Sr eenivasamurthy 
peanut products � �· ( 1 965 ) 

R ice U . S . A .  Pe anuts , rice 284 94 . 4  A l l  4 8oller and 
Schroede r ( 1 966 ) 

P e anuts U . S . A .  Rice , peanut 2 1 3  50 . 2  81 , 82  Taber and 
Schroeder ( 1 967)  

Peanu t s ,  soil  I s rael Wheat 1 626 8 9 . 6 All 4 ,  Joffe ( 1 969) 
mainl y 8 1  & 82 

Soil I ndia Liquid med i a ,  eg . 9 7 7 . 8  8 1  & 82 Maggon et  al 
YES ,  YES + s o l t , ( 1 969) - -
G . A . N . 

Corn U . S . A .  SMKY & corn 32 3 1 . 3  8 1  & 82 Trenk and 
Har tman ( 1 970)  

Corn U . S . A .  R i ce 1 5  46 . 7  8 1  & 82 Richard and 
Cy sewski ( 1 97 1 ) 

Peanuts , U . S . A . Peanu ts , rice 4 1 6  95 . 7  A l l  4 Schroeder and 
cottonseed , cot tonseed 1 65 7 9 . 0 8 o l l e r  ( 1 973 ) 
r ice , sorghum 5 7 1  3 5 . 3  

Sorghum 1 1 0  49 . 0  

Co tton , maize I ndia YES + salt , 2 1  7 6 . 2 8 1  Mehan and 
wheat S�1KY C hohan ( 1 97 3 )  

Pe anuts & Senegal Liquid med i a  - 5 3 . 0  - L a font and 
soil L a font ( 1 97 7 )  

Corn Arge ntina YES 48 49. 0 - Sanchis et al . 
U . S . A . 2 1  53 . 9  ( 1 982 ) 

_, 
'-! 
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A l i sauska u s ,  1 9 7 3 ;  Moreau , 1 9 79 ) . Th e i r  v a r i ab l e  af l atox i n - produc i ng 
a b i l i ty u nder spec i f i c cond i t i on s  are a ref l ect i on of th e i r  genet i c  

compos i t i on .  Thus t he  l ow freq uency of tox i n- produc i ng stra i n s 

amongst  bar l ey i s o l ates  i nd i cates that the  m aj or i ty of A .  f l av u s  

i s ol ates  contami n at i ng  New Zea l and grown b ar l ey a re  l i ke l y  atox i c  

ge notypes . 

The express i on of  tox i gen i c i ty � v i tro i s  i nf l uenced by t he  

method s of cu l t ure and  by  the l aboratory cond i t i ons prov i ded , eg . t h e  

age o f  t h e  i noc u l um ,  the l ength  of t he  i nc u b at i on per i od and t h e  

moi sture con tent a n d  temperature o f  i nc u b at i on .  I n  t h e  1 960 ' s ,  D e  

Voge l ( 1 965 ) ,  D i ener a n d  Dav i s  ( 1 966 ) a n d  others  noted t h a t  s ucces s i ve 

s ubcu l t ure 

p rog res s i ve 

tox i gen i c � 

on synthet i c  and s emi synthet i c  med i a cou l d res u l t 

decrease i n  the  y i e l d  of af l atox i n  p roduced by 

f l avus  s tra i n s .  Torres � �- ( 1 980 )  prov i ded 

i n  a 

proven 

further 

e v i dence to show that  the g r ad u a l  l o s s  of  afl atox i n - synthes i z i ng 

ab i l i ty may event u a l l y  be comp l ete and the  l o ss  fo l l owi ng repeated 

s ubcu l t ures coul d be  f a i r l y  r ap i d .  However ,  not a l l cu l t ures were 

equa l l y affected . S i nce the A .  f l avus  i s o l a tes used i n  th i s  study 

were ma i n l y  ma i nt a i ned in  t he  l a boratory on  synthet i c  med i a  before 

they were tes ted for t ox i n  p roduct i on ,  ser i a l  tran sfers at reg u l ar 

i nterv a l s on the s u bs trate of  th e i r  or i g i n  were carr i ed out  to s t i mu­

l a te and  res tore t h e i r  afl atox i n -produc i ng a b i l i ty .  Th i s  phenomenon 

has p rev i ous ly  been ob served by severa l  i nvest i g ators ( Ambrec ht et 

�. , 1 963 ; De Voge l , 1 965 ; K u l i k  and Ho l aday ,  1 96 6 ;  Mu rakami  et �. , 

1 968a , b and 1 9 70 ) . 

As i de from t he  i n herent tox i gen i c i ty wh i ch i s  f u nd amenta l  to  

af l atox i n prod uct i on ,  the freq uency of tox i c  A .  f l avus a l s o  appears to  

be de pendent on t he  s ubstrate from wh i c h A .  f l avus  has  been i s o l a ted 

and t he i r  geogr aph i c a l  or i g i n .  I n  the  U . S . A . , Schroeder and Bo l l er 

( 1 9 73 ) reported t h at of t he  A .  f l avus  t h ey screened for af l atox i n  

p roduct i on ,  96% o f  i s o l ates  from pean ut s , 79% of i so l ates  from 

cottonseed , 35% of  i s o l ates from r i ce and 49% of i s o l ates from s org hum 

were tox i gen i c .  A l though  the  sources  of  tox i ge n i c  stra i n s  do not  

appear to affect a f l atox i n p rod uct i on and  l eve l  ( Sc hroeder and  He i n ,  

1 96 7 ; Joffe , 1 96 9 ; Me h an and Choh an , 1 9 7 3  and Moreau , 1 979 ) , s ome 

s u b s trates s uc h  as peanuts and  cotton seed are notab l y  as s oc i ated wi t h  

a h i gher  i nc i dence  of  tox i ge n i c stra i n s t h an t ho se  of  r i ce or sorghum .  
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Of the  A .  f l a v u s  i so l ates  from peanuts  i n  9 d i fferent 

geograph i c a l  areas i n  Tex a s ,  U . S . A . , Taber and Schroeder ( 1 967 ) found 

50% of the popu l at i on t ox i ge n i c  whereas Borut and J offe ( 1 966 ) c i ted 

by Moreau ( 1 979 ) fo und 7 1 % of the i r � f l avus  i s o l ates from peanuts  

g rown i n  I s rae l  to be  tox i ge n i c .  Sreen i va s amurthy ( 1 96 5 )  obta i ned 

o n l y  2 . 7% tox i gen i c � f l avu s  amongst  the i so l ates  from I nd i an pean u t s  
a nd peanut  products . A l s o ,  Joffe ( 1 96 9 )  obt a i ned v aryi ng  percentages  

of  tox i ge n i c � f l av us from pean uts  dur i ng 5 ye ars of study.  Th i s  was  

s a i d  to i nd i c ate th a t  ecol og i c a l  factors co u l d p l ay a ro l e i n  
affect i ng the  i nc i dence of toxi ge n i c  stra i n s i n  a s pec i f i c crop i n  any 
one year . I t  i s  t hus  po s s i b l e  that  the m i l d ,  temperate c l i mate of New 

Z e a l and and other env i ronment a l  factors i nc l u d i ng those encountered 

d u r i ng storage of t he  b ar l ey gra i n s stud i ed comb i ned wi th  t h e  

i ntr i n s i c  ch ar acter i s t i c s o f  b ar l ey and t h e  m i croenv i ronment prov i ded 

by the b ar l ey gr a i n s ,  do not appear to encourage the s e l ect i on of  

tox i ge n i c � f l av us spec i es .  

I t  i s  i n teres t i ng to  note that  th i n  l ayer ch romatograph i c  

reso l u t i on of extract s prod uced by tox i c  str a i n s  o f  A .  f l avus  i s o l ated 

i n  th i s  s t udy s howed t he  format i on  of on l y  Af l atox i n  B 1 . The re s u l t s  

o f  many other i nves t i g ators  a l so s howed that � f l av u s  i s ol ated from 

n atura l  s u b str ates produced pr i mar i l y  Af l atox i n  B1 ( Tab l e  5 - 8 ) . Mo s t  
of  t h e  n atura l l y-occ urr i ng A .  f l avus s tra i n s  reported i n  the  

l i terature prod uced o n l y  B and no G af l atox i n s  ( M aggon � �. , 1 96 9 ; 

Ta ber and Sc hroeder , 1 96 7 ; Sch roeder , 1 96 9 ;  Wog an , 1 969 , Trenk and 

H a rtman , 1 970 and Bryden  et �. , 1 9 7 5 ) . 

I f  a ny of the � f l avus  s tra i n s screened for tox i n  product i on i n  

s t er i l e  b ar l ey i n  th e present  s t udy were c apa b l e of prod u c i ng  

a f l atox i n s  G 1 or  G2 , t hen  they were not produced i n  detec t ab l e  

q u ant i t i e s .  The compo s i t i on of af l atox i n s  produced can  be attr i bu ted 

to  the i nteract i on s  of mou l d  s tr a i n ,  s u bstrate  and env i ronment a l  

cond i t i on s . 
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T ab l e  5 - 8 :  Some l aboratory screeni ngs of natura l l y-occurr i ng A .  f l avus  

i so l ates wh i c h  produce on l y  Af l atox i n � 

Sources  

Ground n uts  

P ea n u t s  

V a r i ous  agr i c u l t ura l  com­

mod i t i es ,  eg . pean u t s ,  corn , 

feed , s oybeans  etc . 

S p an i s h peanu t s  

Pec ans  

Sorg hum 

H ams  

Ground  b l ack  pepper 

Cot ton , ma i z e and wheat 

Agr i cu l t ura l  Commod i t i e s ,  
feed s ,  an i ma l  organs , 

e h  i c ke n  f l u ff ,  i n sect s etc . 

References 

Rao et �· ( 1 965 ) 

Sreen i v a samurthy et �· ( 1 96 5 )  

D i ener and Dav i s  ( 1 966 ) 

Taber and Schroeder ( 1 967 ) 

L i l l ard et �· ( 1 970 ) 

Connol e and H i l l  ( 1 970 ) 

Su t i c  � �· ( 1 9 72 ) 

Schroeder and C ar l ton  ( 1 9 7 3 )  

Me han  and Choh an ( 1 9 7 3 )  

Con no l e � �· ( 1 981 ) 

I n  1 970 ,  Hesse l t i ne and h i s co l l eagues  reported a n  i nten s i ve 

i nv e s t i ga t i on i nto the  af l atoxi n-prod uc i ng ab i l i t i es of 6 7  stra i n s of 

A. f l avus  on  3 d i fferent n atura l  s u bstrates under  2 fermentat i on 

c o nd i t i ons . The i r  s t ud i es i l l u strated th at the  amount  and type of 

af l atox i ns produced were s tr a i n  dependent . The A. f l a v u s  group of 

f u n g i cou l d be d i v i ded i n to 5 d i s t i nct groups . Group 1 con s i sted 

m a i n l y  of A .  paras i t i cu s  i sol ates  wh i ch con s i stent l y  produced a l l 

a f l atox i n s B ,  G and M .  Group  2 represented s tr a i n s of A .  f l avus  wh i ch 



1 7 5 

prod uced l arge s c l erot i a on  C z a pek Dox agar and a l so  produced a l l 

af l rttox i n s 8 ,  G a nd M .  The 3rd  and l argest  group was  made up  of  A .  

f l avus  s tra i n s  wh i ch p rod uced o n l y  af l atox i n s  8 1  a nd M .  Stra i n s p u t  

i n to the  4th g ro u p  d i d  not produ c e  any af l atox i n s ,  a n d  group 5 co n s i s ­

ted of  1 u nusua l  s tra i n wh i c h p rod uced h i g h  l eve l s  of 81  b u t  no G 1 . 

F urthermore Maggon � �· ( 1 969 ) s ug gested th at the product i on of 

af l atox i n s  8 and G may be contro l l ed by d i fferent h ap l o i d  n uc l e i , the 

presence and absence of wh i c h can affect fungal  metabo l i sm and hence 

the f i n a l  rat i os  of af l atox i n s  formed . F u rther proof that the  compo­
s i t i on of afl atox i n produced i s  dependent  on ge net i c  c apac i ty was  

prov i ded by Papa  ( 1 9 7 7 )  who prod uced a mu t ant of A .  f l avus  by genet i c  

tre atment  wi th n i trogu an i d i n e .  

8 2  t h a n  8 1 . 

The mutant gave l arger proport i ons  of 

S u b s trates have been s hown to i n teract wi th af l atox i n- produc i ng 

s tra i n s  to  i nf l u ence the format i on of af l atox i n  compound s ,  8 1 , 82 , G 1  

a n d  G2 . I n  gener a l , r i ce i s  cons i dered t he  b e s t  s ubstr ate for  the 
product i on of af l atox i n 8 1  and wheat i s  best  for a f l atox i n G 1  prod uc­

t i on ( He s se l t i ne � �. , 1 9 70 ) . 

Other  env i ronmenta l  cond i t i ons  are a l so k nown to i n f l uence the 

r at i o s of af l a tox i n s  produced . One of the most i mportant  i s  the 

effect of temperature . D i ener and D av i s  ( 1 966 ) s howed th at a l though  

t ox i ge n i c  str a i n s  are  ab l e  to p roduce  both af l atox i n s 8 1  and  G 1  over  a 

r ange of temperatures , the  proport i on of af l atox i n s  8 1  to G 1  decreases 

w i th i nc reas i ng temperature . 

The  expe r i menta l  data  i n  t h i s i nve s t i gat i on s h owed that  af l atox i n­

prod u c i ng A .  f l avus  stra i n s are present  on bar l ey gra i n s  at h arvest  

and on  s tored g r a i n s .  These  A .  f l avus  i s o l ates h ave  been demon strated 

t o  be  c apab l e  of produc i ng af l a tox i n s on the s u b s tr ate of the i r  ori ­

g i n .  Af l atox i n 81 appe ared to  be the  on l y  af l atox i n  produced by a l l 

t h e  t ox i gen i c  str a i n s tes ted . Al though  the  percentage of contami na­

t i on by  tox i ge n i c stra i n s may  not be  h i gh ,  conduc i ve cond i t i on s  

e s pec i a l l y  d u r i ng storage c a n  l ead to  an  exp l os i ve i ncrease  i n  the 

n umber of tox i ge n i c  i so l ates  and even i f  a smal l proport i on of  the  

gr a i n i s  i nfected , toxi n l ev e l s co n s i dered tox i c  and  d a ngerous  to man  

and  an i ma l s may be reached . 
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6 . 1 .  I NTRODUCT ION  

Bar l ey ,  as other cereal  gra i n s ,  carr i e s  a l arge n umber and 

v ar i ety of  f u ng a l  s pores of natura l  or i g i n . N umerous stud i e s have  

s hown that  among s t  these  fung i are  many potent i a l l y  tox i ge n i c  spec i es .  

U nder favo urab l e cond i t i on s ,  i t  i s  pos s i b l e  for several  of these  fung i 

t o  prol i ferate and produce tox i n s  and hence the  bar l ey can  become 

contami n ated not j ust  by one but by severa l  tox i n s .  

As descr i bed i n  the preced i ng ch a pter ( 5 ) ,  tox i ge n i c � fl avus  
spec i es h ave been i s o l ated from l oc a l l y- grown b ar l ey at  h arve st  and 

after storage . However , i t  i s  n ot s u ff i c i ent to ass ume from t h i s  t h at 

af l atox i n or i ndeed other tox i n s  formed by poten t i a l l y  tox i ge n i c fu n g i  

present w i l l  oc cur  i n  s tored bar l ey samp l e s .  I t  i s  neces s ary to  

s creen the  bar l ey s amp l es themse l ves  for  the  p resence of  n atura l l y­
occurr i ng tox i n s .  

A m u l t i mycotox i n  method based o n  t h e  extract i on tec h n i q ues u sed 

reg u l ar l y  by Roberts and P atterson ( 1 97 5 )  and P atterson and Roberts 

( 1 9 7 9 )  and many others i n  t h e  U n i ted K i ngdom , was chosen t o  s i mu l ­

t aneou s l y  screen l oc a l l y- grown b ar l ey for af l atox i n s ,  c i tr i n i n ,  oc hra­

tox i n A ,  T-2  tox i n and zeara l enone . These mycotox i n s  o f  mo st  concern 

i n  bar l ey ( Tab l e  2-3 ) have a l s o  been found i n  s i gn i f i cant  amounts  i n  

other cerea l  gra i ns  ( He s se l t i ne ,  1 9 74 )  and they have been i mp l i cated 

i n  n at ura l  c a ses of mycotox i c i ty ( M i roc ha  and Chr i stensen , 1 974 ;  P i er ,  

1 981 ) .  A f l atox i n s  are notor i ou s  hepatox i n s ,  carc i nogens  a nd mutagens  

( Go l d b l att ,  1 96 9 ) , c i tr i n i n  and  oc hratox i n  are both nephrotox i n s , 

zeara l e none i s  an oestroge n i c  tox i n and T-2  i s  a potent d erma l tox i n  

( Romer , 1 984 ) . 

6 . 2 .  MATER I ALS AND METHODS 

6 . 2 . 1 .  Se l ect i on of Bar l ey Samp l e s 

A tota l  of  1 4 b ar l ey s amp l es ,  co l l ected at h arvest  and after 

s t or age u nder  d i fferent cond i t i ons , i nc l ud i ng s amp l es wh i c h yi e l ded 

af l atox i ge n i c  � f l av u s , was ana l ysed for the presence of af l atox i n s  

a nd oth er  mycotox i n s .  
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6 . 2 . 2 .  Samp l i ng 

I nd i v i du a l  bar l ey samp l e s we i gh i ng between 1 -5 k g  were thoroug h l y  

m i xed i n  separate ster i l e  g l a s s  ves se l s and then  h a l ved . One h a l f of  

the  m i xed gra i n  was  l eft as i de and  the  other  h a l f of the g r a i n was  

m i xed and ha l ved yet  aga i n .  Th i s  proced ure was repeated unt i l between 
50- 1 00 g of gr a i n  rema i ned . Th i s  f i n a l  g ra i n  s amp l e  was f i n e l y  

g round , m ixed thorough l y  and 2 5  g were removed for tox i n  extr act i on .  

Where c l umps o f  mou l dy gra i n oc curred , t he  c l umps were broken up  

before act ua l  s amp l i ng .  

6 . 2 . 3 . Mu l t i mycotox i n  Assay 

The method i l l u s trated i n  F i g ure  5 - 1  i s  a mod i f i cat i on of those  

descr i bed by Roberts and P atterson ( 1 9 75 ) and P a tterson and  Roberts 

( 1 979 ) for the  detect i on of  severa l  mycotox i n s ,  name l y  af l atox i n ,  
c i t r i n i n ,  oc hratox i n A ,  patu l i n ,  pe n i trem A ,  pe n i c i l l i c ac i d ,  ster i g­

matocyst i n ,  zeara l enone and some tr i c hothecenes  from v ar i o us  s t r a i ght 

a nd compounded feed st uffs , i nc l ud i ng bar l ey .  P re l i m i n ary t r i a l s us i ng 
s o l vents l i s ted i n  F i gu re 6 - 1  wi th s p i ked  s amp l e s found t h i s  method to 

be  s at i sfactory.  

6 . 2 . 4 . Extr act i on and c l ean up  

A .  Ground  B a r l ey :  A 25  g ground b ar l ey s amp l e  was p l aced i n  a wi de­

mouthed g l a s s  bott l e w i th a screw cap and 1 00 cm3 of an a l yt i c a l  grade 

aceton i tr i l e  - 4% pota s s i um c h l or i de ( 9 : 1 ) m i x ture was ad ded . 
Tox i n s present  were extracted by shak i ng for 30 m i n utes  on a 
rec i proc a t i ng shak er .  

The so l i d  res i dues were a l l owed t o  sett l e and the extract was 

f i l tered t hrough Wh atman N o .  1 f i l t e r  p aper and ce l i te Hyf l o -Supercel  

f i l ter a i d .  50 cm3 of the  res u l t i ng f i l t rate was defat ted wi th an 

eq u a l  vo l ume of i s o-oct ane ( 2 , 2 , 4 , tr i methy l pentane ) by s h ak i ng for 5 

m i nutes  i n  a separatory funne l . When  the  two l ayers  h ad s eparated , 

the  upper l ayer was  d i sc arded and  the  l ower l ayer was d efatted wi th 

another 50  cm3 i so-oc t ane i n  the  manner j u s t  de s c r i bed , aga i n  

d i s c ard i ng the upper l ayer of  i so - octa ne .  
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F i gure 6- 1 : Method for the extract i on of a f l atox i n s ,  ochratox i n ,  

zeara l enone ,  ster i gmatocyst i n ,  T -2  tox i n  and c i tr i n i n .  

2 5  g f i ne l y ground s amp l e  

lf-CH3CN  + 4% KC l J 90 + 1 0  cm3 

Shake 30 m i n s  

� 
Wh atman No . 1 + Ce l i te 

J 
Take 50 cm3 f i l t r at e  

I L 5 0  3 . t w�,--- cm 1 so-oc a ne 

D i s card i s o-oct ane (- - - - - - - - - Defat 2x 

( s hake  5 m i n s ) 
each  x 

20 cm3 CHC 1 3 each  x � CH3� 2 5  cm3 0 . 1 N  NaHC03 

�-Extract Aq CH�2x  more , 1 0  cm3
,i eac h x � 

( Extract I )  cHet ( Extr act I I )  _, 
CH3CN - CHC 1 3 Upper l ayer 

� 2 cm3 1 N HC l 20% Pb  I 
acetate \V Ac i d i fy 

Shake 2x 1 1 5  cm3 CHC 1 3 
Wash  � i th l \l; each x 

1 0  cm D i scard up per l ayer(- - Shake 1 0  m i n s  each x 
CHC 1 3 l wash  wi th 

P a s s  th roug h bed 1 0  cm3 CHC 1 3 
of anhydrous  Na2so4 P a s s  th rough  bed 

~ 
of anhydrous  s u l p hate 

Ev aporate to  d ryness � .J.. --V s er a.ltl. te.� 
� Red i s so l ve i n  CH3CN  � v---- wi th v i gorous  ag i tat i on� 

Stored i n  col d T . L . C . 
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To the  l ower l ayer of  aq ueous aceton i tr i l e  ( CH3CN ) was added 25  

cm3 0 .  1 N  sod i um b i c arbon ate ( NaHC03 ) . Th i s  was  fol l owed by tox i n 

extract i on ,  ad d i ng 20  cm3 c h l oroform ( CH3C l ) and s h ak i ng for 1 0  

m i nutes . The m ixt ure was  a l l owed to sett l e  to g i ve 2 separate l ayers . 

The l ower l ayer of  aqueous  CHC l 3 -cH3CN  was d r a i n ed i nto a c l ean g l a s s  

vesse l . The top l ayer was extracted twi ce more wi th  1 0  cm3 CHC 1 3 each  

t i me . The comb i ned CHC 1 3 -CH3CN extr act s and  the  upper aq ueous  l ayer 

were separate l y  ana l ysed for tox i n s .  

B .  CHC 1 3-CH3CN Extract s : I mpur i t i e s i n  the CHC 1 3 -CH3CN  extr act s were 

removed by treat i ng wi t h  20% l e ad acetate s o l u t i on twi ce , u s i ng 50 cm3 

fres h l y-prepared l e ad acetate so l u t i on each  t i me .  The aqueous  CHC 1 3 -
CH3CN  extract was t hen passed through  a bed of anhydrous sod i um 

s u l p hate ( Na2so4 ) con t a i ned i n  a cone of  f i l ter  paper . The anhydrous  

N a2so4 was  then  was hed wi t h  1 0  cm3 CHC 1 3 . The  comb i ned " c l eaned " CHC 1 3-
CH3CN  extracts were termed Extract I .  

C .  Aqueous L ayer : The aq ueous l ayer rema i n i ng i n  t h e  separatory 

f u n ne l  was ac i d i f i ed wi th  2 cm3 1 N  HC l .  Tox i n s were extracted twi c e ,  

by  s h ak i ng for 1 0  m i nutes  i n  t h e  presence of  1 5  cm3 CHC 1 3 each t i me .  

T h e  l ower l ayer s of  CHC 1 3 were f i l t ered t h rough  a bed o f  anhydrous  

N a2so4 on Whatman fi l ter p aper No . 1 ,  and  f i n a l ly the  N a2so4 was 

was hed wi th 1 0  cm3 CHC 1 3 . The comb i ned CHC 1 2 extracts  con s t i t u ted 

Extract I I .  

6 . 2 . 4 . 1 .  Concentra t i on of extract s  

Extracts and I I  were evaporated to  near drynes s  i n  a round-

bottomed g l a s s  ve s se l  under  vacuum i n  a B uc h i  rotary evaporator . The  

extracts were red i s so l ved wi th v i gorous  ag i t at i on i n  cm3 CH3CN , 

t ran sferred to  a g l as s  v i a l for storage i n  the col d and l ater used for 

t h i n  l ayer c h romatogr aphy ( T . L . C . ) a s s ays . 

6 . 2 . 5 . Detect i on of Mycotox i n s  i n  Extr act s 

6 . 2 . 5 . 1 .  Th i n  l ayer c h romatography ( T . L . C . ) 

A .  Spott i ng of Extract s : 20 . 0  cm by 20 . 0  cm a l umi n i um- b ac ked Merck 
* 0 non-f l u orescent  T . L . C . p l ates were act i vated at 1 1 0 C for 60  mi n utes  

* 
See. bott-o,.... of r 1 5 & .  
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and coo l ed pr i or to s pott i ng wi th  extracts and tox i n st andard s .  

D i sposab l e  m i c rop i pettes de l i ver i ng 1 0  � l  a l i q uots  were used t o  s pot 
* 

o ,  20 �9.. o f  extracts as we l l as tox i n  st andard s .  The tox i n  s t andards u sed were 

af l atox i n s m i x ture ( 5.0 �g/cm3 s r ,  1 . 5 �g/cm3 8 2 ,  5 . 0  �g/cm3 G 1 , 1 . 5 

� g/ cm3 G2 i n  benzene- aceton i tr i l e  [ 98 : 2 ] ) , ochratox i n  A ( 1 00 �g/cm3 

aceton i tr i l e ) , c i t r i n i n  ( 1 00 �g/cm3 aceton i tr i l e ) , ze ara l enone ( 1 00 

� g/ cm3 aceton i tr i l e ) , and T-2 tox i n ( 50 �g/cm3 aceton i tr i l e ) . 

B .  Deve l opment of T . L . C . P l ates : Spotted T . L . C .  p l ates were 
dev e l oped i n  l i ned , eq u i l i br i ated tank s ,  under s ubdued l i g ht i n  e i ther  
c h l oroform acetone ( 9 : 1 ) or to l uene-ethyl acetate - 90% formi c ac i d ,  

T . E . F . ( 60 : 30 : 1 0 ) so l vent systems to a mark 1 2 . 0  cm from the  or i g i n a l  

l i ne of  spotted extract s .  T he  p l ates were a i r- dr i ed i n  a dark fume 

c u pboard before they were v i ewed i n  a chromate-vue  cupboard under both 

l o ng - and short-wave u l trav i o l et l i g ht . 

6 . 2 . 5 . 2 .  An al ys i s  for T-2 t ox i n  

To de tect T-2 tox i n ,  T . L . C .  p l ates deve l oped i n  T . E . F .  were 

a l l owed to dry and then sprayed wi th 20% H2 so4 i n  meth anol  and heated 

at 1 20°C for 1 0  m i nutes . The t reated spots  were exami ned for charred 

spots  and v i ewed u nder l o ng -wave u l trav i o l et l i ght  for b l u e 

f l uorescent h a l o s  s i mi l ar to those  prod uced by s pots of st andards 

( P l ates  6-1  and 6-2 ) . 

6 . 2 . 6 .  Ad d i t i on a l  and Confi rmatory Te s t s  

I n  ad d i t i on to j u st  deve l o p i ng s potted p l ates i n  T . E . F .  and 

o b serv i ng f l uorescence under u l trav i o l et l i g ht as  i n  6 . 2 . 5 . 1 8 ,  s ome 

T . E . F .  deve l o ped p l ates s potted w i th extract s and st andards were 

s prayed wi th a s aturated so l u t i on of A l C l 3 i n  95% ethano l . The p l ates 

were s u bsequent l y  heated at 1 05°C for 1 0  m i nutes , a l l owed to cool  and 
exam i ned for c haracter i st i c  f l u orescent  s pots  w i th Rf va l ue s  s i m i l ar 

t o  those  of the  s t andard s . E xpected res u l t s  of th i s  proced ure  and 

t h a t  descr i bed i n  Sect i on 6 . 2 .  S · are s ummar i s ed i n  Tab l e  6 - 1 . 

For s amp l es s howi ng pos i t i ve af l atox i n f l uorescent s pots  on  

deve l oped T . L . C .  p l ate s ,  the  extract s were confi rmed for the  presence 

of  af l atox i n s by der i va t i ve format i on wi t h  tr i f l uoroacet i c  ac i d  and  by 

* An a lyt i c a l  grade mycotox i n  standard s from Si gma Chemi c a l  C o . , U . S . A .  



P l ate 6 - 1 . T . E . F .  ( 60 : 30 : 1 0 ) - deve l o ped p l ate sprayed w i th 20% H2 so4 
i n  meth anol . 

S - Ch arred spot  of T-2 st andard 

A-G - Absence of c harred spots  i n  s amp l e s .  

P l ate  6-2 . Deve l oped T . L . C .  p l ate v i ewed under U . V . l i g ht  for T-2 

tox i n .  

A-G - Absence of f l uorescent spots o f  T - 2  tox i n  i n  samp l e s 

S - F l u orescent h a l o around ch arred spot  of T-2 s tandard . 

* T . L . C .  p l ates prev i ou s l y  s potted wi t h  1 0  � �  a l i quots  of s amp l e  

ex tracts and T - 2 s tandards . 
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sp rayi ng p l ates deve l o ped i n  CHC 1 3 - acetone  ( 9 : 1 ) wi th 25% H2so4 as i n  

Sect i on 5 . 2 . � . 3 \' of t he  prev i ous c h apter . 

Ta b l e  6 - 1 : F l uorescent  co l o urs of tox i n s u nder both s hort- and l ong­
wave U . V .  l ight after two d i fferent treatment s  

Tox i n s 

E x tract I 

Af l atox i ns 

S ter i gmatocyst i n  

Z earal enone 

T-2  tox i n 

E x tract I I  

C i tr i n i n  

O c hratox i n A 

Overn i ght a i r-

d r i ed or exposed 

t o  NH3 vapour 

T . L . C . deve l oped i n  TEF  

T . L . C .  deve l oped i n  TEF  and  sprayed wi th  A l C l 3 
Co l our of f l uorescence under U . V .  l i ght 

Long A Short  A Long A Short A 

B - b l u e B - b l u e  b l u e b l u e 

G - green i s h- green i s h- green i s h- green i s h-

b l u e b l u e b l u e b l u e 

Du l l red Br i ght 

ye l l ow 

B l u e B r i ght  Br i ght Br i ght 

b l u e b l u e b l u e 

B l u e B l ue 

Ye l l ow Y e l l ow Ye l l ow Y e l l ow 

B l ue- B l ue- B l ue- B l ue-

green green v i o l et v i o l et 

I ntense I ntense I ntense I ntense 

b l ue- b l u e - b l ue- b l ue-

v i o l et  v i o l e t v i o l et v i o l et 
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6 . 3 .  RESULTS 

Patterson  and Roberts ( 1 979 ) reported t h at the add i t i on of  NaHC03 
fac i l i tates  the  extract i on of Ochratox i n  A and c i tr i n i n ,  wh i ch i f  

present can  b e  detected i n  Extract I I .  Mos t  of the  other mycotox i n s 

are recovered i n  Extract I .  Of t he  1 4  bar l ey s amp l e s exam i ned for 

mycotox i n s i n  the present  st udy, on l y  one was found to  be pos i t i ve for 

af l atox i n 8 1 , oc hratox i n  A and c i tr i n i n  ( Tab l e  6-2 ) . The rema i n i ng 1 3  

s amp l es were negat i ve for a l l the  5 mycotox i n s tested . 

A f l u ore scent s pot  of af l atox i n  8 1 , i n  the  pos i t i ve s amp l e ,  c a n  

b e  seen i n  P l a1e 6 - 3 .  Th i s  s pot  was conf i rmed t o  b e  th at of 

af l atox i n 81 by the format i on of b r i ght b l u e f l uorescent s pots  of 

af l atox i n  8 1  hemi aceta l s on react i on wi th  T . F . A .  o n  T . L . C .  p l ate s ,  

i dent i ca l  t o  th at formed by af l atox i n  8 1  s t andards . Further proof 

that  af l atox i n  was present i n  the ex tract was obta i ned when c h l o roform 

- acetone ( 9 : 1 )  - dev e l oped T . L . C .  p l ates of spotted extract s c h anged 
f l uorescent  co l o ur from b l ue to ye l l ow after be i ng sprayed w i th  2 5% 

H2so4 • 

P l ate 6-4  shows a T . L . C .  p l ate of the  pos i t i ve and a negat i ve 

s amp l e  Extract I I  deve l oped i n  T . E . F .  ( 60 : 30 : 1 0 ) and v i ewed under l o ng 

wave l ength  U . V .  l i g ht . The presenc e of a br i ght  ye l l ow s t reak of 

c i tr i n i n  and a b l u e s pot of oc hratox i n  A i s  ob v i ou s  i n  the pos i t i ve 

s amp l e ,  l a be l l ed F .  The  fo l l owi ng p l ate , 6- 5 , s hows the  same 

po s i t i ve s amp l e  extract on a T . E . F . dev e l o ped T . L . C .  p l ate 

s u bseq uent l y  sprayed w i th A l C l 3 i n  e t hano l . 



Tab l e 6-2 : Mu l t i mycotox i n  screen i ng of 1 4  s e l ected b ar l ey s amp l e s 

· . Ex tract I Extract  I I  
Ster i gmato-

S amp l e  Af l atox i ns  cys t i n T-2  tox i n Zeara l enone C i tr i n i n  Ochratox i n  

At h arvest  

Commerc i a l 
s i l o s 

L a b o r at ory 

F arm 

5 mth s 

9 mth s  

1 
2 

3 
4 

5 
6 

Amb i e n t  7 
8 

Co l d 9 
1 0  

1 1  
1 2* 
1 3* 
1 4* 

* Mo u l dy f arm s amp l es .  

+ ( B 1 ) + + 

CX> 
(.J1 



P l ate 6 - 3 : T . E . F .  ( 60 : 30 : 1 0 )  deve l oped T . L . C .  p l ate 

extracts ( I )  and standards  

0; Ch IO,t' 
spotted s amp l e  

A 

I - F l uorescent  spots  of af l atox i n s t andards B1 , B2 , G 1  and G2 

H - B l u e  f l uorescent spot of zeara l en one st andard 
F - B l u e f l uorescent spot of af l atox i n B 1  i n  extract of pos i t i ve 

samp l e  

A-E  and G - E xtracts  of negat i ve s amp l e s .  
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A B c D E F G H 



P l ate 6-4 : T . E . F .  ( 60 : 30 : 1 0 ) dev e l o p ed T . L . C . p l ate of  s amp l e  e x t r act s 

( I I )  and s t andards  

Spots  o f :  

I - Och r a tox i n  A s t andard  

H - Streak of c i tr i n i n  s t andard  

F - Samp l e  pos i t i ve for both ochr atox i n  A a nd  c i t r i n i n  

A- 0 ,  E a nd G - Neg a t i ve extracts  

P l ate  6-5 : T . E . F .  ( 60 : 30 : 1 0 )  dev e l oped T . L . C .  p l ates f o l l owed by 

s pr ay i n g w i t h  A l C l 3 i n  ethano l  of s amp l e extracts  ( I I )  

a nd s t a nd a r d s  

E - Samp l e  pos i t i ve for oc hratox i n A a nd  c i tr i n i n  

B - Samp l e  n eg a t i ve for  both  tox i n s 

I - Spot  o f  oc hratox i n A s t andard  

H - Streak  of c i tr i n i n s t a ndard  

* T . L . C .  p l ates spotted wi th  10  � i  of s amp l e  extrac t s  and standard s .  



A B C 

E 

D E 

B I 

1 8 7 

F G H I 

H 
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6 . 4 .  D I SCUSS I O N  

T h e  on l y  s amp l e  wh i c h yi e l ded af l atox i n  B 1 , c i tr i n i n  and 

o c hratoxi n A was a v i s i b l y  mo u l dy s amp l e  from a farm s i l o .  

t o  Sto l off ( 1 97 9 ) , there are at l east  four p o s s i b l e  ways 

m u l t i mycotox i n  contami n at i on cou l d occur :  a ) by t h e  

product s  contami nated wi th  d i fferent mycotox i n s ,  b ) by t he  

m i xed  popu l at i on of  tox i ge n i c moul d s ,  c )  by  seq uent i a l 

d i fferent t ox i ge n i c  mou l d s  on  the  s ame s ub strate , 
m u l t i mycotox i n  product i on by a s i ng l e  mou l d  spec i es .  

Accord i ng 

i n  wh i ch 

m i x i ng of  

growth of  a 

growth of  

and d )  by 

Contam i n at i on by pos s i b i l i ty a ) i n  t h i s c ase  was l east  l i ke l y  

because  other th an the  m i x i ng of b ar l ey gra i n s  harves ted from d i f­

ferent fi e l ds or  at d i fferen t  t i me s ,  n o  other s u bs tances o r  prod ucts  
were  added t o  the  bar l ey pr i or to  a nd dur i ng storage . The  samp l e  

concerned was i n  a hea l thy cond i t i on when i t  was put 

t h u s  the l i ke l i hood of af l atox i n  con tami nat i on of  the 

f i e l d  or at h arvest i s  not l i ke l y , a l though  i t  c annot 

comp l ete l y .  The format i on of  c i t r i n i n  and oc hratox i n  A 

h ave  n ever been reported ( Hag g b l om and Gho s h ,  1 985 ) .  

i nt o  storage , 
crop i n  the  

be ru l ed o u t  
i n  the  fi e l d 

W i th the  know-
l edge  that the barl ey s amp l e  became mou l dy d u r i ng storage , and th at 
t here was no  d i st i nct demarc at i on between the  i n i t i at i on  of  growth of  

one  funga l  s pec i es and  o t hers , a lmo s t  any permu t at i on of the  rema i n i ng 

t h ree pos s i b l e ways of contami n at i on cou l d acco unt  for the  concomi tant  

presence  of  t he  th ree mycotox i n s i n  the  mou l dy s amp l e  concerned . 

O n  th e bas i s  of t he  extract i on and s u bseq uent  conf i rmat i on of  

af l atoxi n B 1 , c i tr i n i n  and oc hratox i n  A ,  i t  can  be  conc l uded t h at 

f ung i of the  genera Aspergi l l us and Pen i c i l l i um ( Tab l e 6 -2 ) ,  t h e  

pres umpt i ve producers of t he se tox i n s ,  must h ave  prol i ferated i n  t h e  

b ar l ey to produce these tox i c secondary metabo l i c  product s .  As gra i n 

s po i l age progres sed , mo i st u re and t emperature probabl y i ncreased t o  

l ev e l s  wh i ch co u l d  s u p port the  dev e l opment o f  t h e  mycotox i c f ung i . 

F u ng i  respon s i b l e  for the  product i on of af l atox i n ,  c i tr i n i n  and 

o c hratox i n A are capab l e  of  growth and tox i n  format i on at mo i st ure 

l eve l s  greater than 1 4% and over a range of temperatures  ( C i eg l er ,  

1 978 ) ,  and s u i tab l e  c omb i n at i on s  of t hese two factors wou l d  l i k e l y  

occ ur  i n  pockets  o f  t h e  gra i n b u l k .  
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The  i n f l uence o f  other orga n i sms and f u nga l  spec i es as  
e nco untered i n  a n at ura l  s i tuat i on and i n  part i cu l ar dur i ng spo i l age 

i s  of i mportance i n  de term i n i ng the  ab i l i ty of  t ox i gen i c  stra i ns t o  

p rod uce tox i n s .  Chr i s tensen et �· ( 1 97 7 )  prov i ded ev i dence to  s how  

t h at af l atox i n  format i on was severe l y  depre s sed or  i nh i b i ted i n  the  

presence of  a m ixt ure of  n atura l l y- present fung i even  i f  mo i st gra i n 

was i nocu l ated wi th  a known af l atox i n-prod uc i ng f u ngus and i ncubated 

u nder f av o u rab l e  cond i t i ons . S i m i l ar l y, B o l l er and Schroeder ( 1 97 3 )  

demonstrated that � c hev a l i er i  co u l d i n h i b i t af l atoxi n product i on by 

A .  paras i t i cus  and > � n iger and Tr i choderma v i r i de were found to  

s u ppres s af l atox i n format i on i n  corn by tox i ge n i c � f l avu s  by W i c k l ow 

e t �· ( 1 980) . Weckbach  and Marth ( 1 97 7 )  grew � p aras i t i c u s  NRRL 2999 

i n  the  presence of v a r i ous  m i croorgan i sms and  fo und t h at R h i zopus  

n igr i c ans  and  Saccharomyces cerev i s i ae i n h i b i ted af l atox i n  product i on 

wh i l s t Brev i bacter i um l i nens  c aused  a s l i ght i nh i b i t i on .  

A l t h o ugh  the  above ev i dence does not apparen t l y  s upport t he  

pos s i b i l i ty of mu l t i mycotox i n s as a resu l t  of s i m u l taneous growth a n d  

t ox i n format i on o f  mu l t i p l e  mo u l ds , i t  must be n oted that  mycotox i n s 

s uc h  as af l atox i ns are s t i l l  forme d ,  a l be i t at muc h reduced l eve l s  i n  
compar i son  wi th t h e i r format i on i n  pure c u l t u re ( As hworth , 1 965 ) . 

Bes i des , t he  presence of some orga n i sms s uc h  as Acetobacter acet i , 

P en i c i l l i um rubrum and L actobac i l l u s p l antarum h ave been ob served t o  

s t i mu l ate � paras i t i c u s  growth and afl atox i n  p roduct i on ( Weckbach and 

M arth , 1 97 7 ;  Al derman e t �. , 1 9 73 , c i ted by Mo s s  and B ad i i ,  1 982 ) .  

The  product i on o f  tox i n s i s  a l so  affected by th e seq uent i a l 

g rowth of  i nd i v i d u a l  p o pu l at i on s  of fung i and other  mi croorgan i sms i n  

response  t o  c h anges i n  temperature and mo i s t ure  d ur i ng spo i l ag e .  

Exper i ment a l  ev i dence prov i ded b y  Ashworth ( 1 965 ) showed th at , i f  

t ox i ge n i c � f l avus was  i nocu l ated a few d ays fo l l owi ng  the growth o f  

a nother mou l d ,  l i t t l e af l atox i n was produced . S i mi l ar res u l t s  were 

f ound by E l -Gendy and Marth ( 1 981 ) ,  u s i ng L actobac i l l u s case i  and A .  

paras i t i cu s .  Af l atox i n product i on was red uced when L .  case i  was  

a l l owed t o  grow 3 days before the  s ubsequent  growth  of � paras i t i c u s .  

W i seman and Marth ( 1 98 1 ) c i ted by Northo l t e t �· ( 1 982 ) reported t h at 

a nother bacteri um , Streptococcus  l act i s ,  i nh i b i ted af l atox i n prod u c­

t i on by � paras i t i cu s  on l y  i f � l act i s was  a l l owed t o  grow before 

i nocu l at i ng wi th A .  paras i t i cu s  co n i d i a o r  i f  both were a l l owed t o  
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grow s i mu l t aneo u s ly .  B u t  i f  A .  paras i t i cu s  were to grow fi rst , t he  
s u bsequent add i t i on of S .  l act i s  d i d  not i nh i b i t  af l atox i n  product i on .  

De s p i te the  comp l ex i nteract i ons  between  both toxi c and non-tox i c  

f ung i  and other mi croorgan i sms , t he  mu l t i mycotox i n contami n at i on o f  a 

g i ven  l ot of  gra i n by the  growth of  s uccess i ve popu l at i ons  of  tox i ­

gen i c  fung i cou l d b e  env i saged . As the mo i st ure req u i rements  of  

funga l  spec i es vary ( Tab l e  b-3 ) ,  g i ven favo urab l e  temperatures and 

o ther env i ronmental  cond i t i on s ,  i nd i v i du a l  funga l  spec i es wou l d  be 

s equent i a l l y  act i vated from the i r  dormant s tate i n  response to  the  

i ncreas i ng mo i sture l eve l s  wh i ch i nvar i ab l y  accompany spo i l age . 

Depend i ng on  the  funga l  spec i es i nv o l ved , once a tox i gen i c  spec i es has  

an  opportun i ty to e l aborate tox i n s ,  the appearance of other tox i gen i c  

domi nant  mo u l ds i n  the  funga l  popu l at i on may not  s i gn a l  the  ad vent  of  
adverse effects on  the  tox i n - produc i ng process  of the  estab l i s hed 

mou l d  nor on i t s tox i c  metabol i tes . Moreover , many authors have  found 

t h at t ox i n  prev i ou s l y  formed co u l d rema i n  s tab l e  and per s i stent  even 

i f  the  prod uc i ng orga n i sm d i d  not s urv i ve dryi ng-out  or  the presence 
of funga l  s ucce s s i on i n  storage ( Moreau , 1 97 9 ;  M i l l s ,  1 982 ) . Of 

s pec i a l  i n terest is the d i scovery of the i nv e s t i gators Mo ss  and Bad i i 
( 1 982 ) ,  who recorded a pronounced i ncrease i n  the  product i on of af l a­

t ox i n s ,  e spec i a l l y  o f  af l atox i n G 1 , by � paras i t i c u s  spec i es i n  a 

c hemi c a l l y- defi ned med i um ,  i n  the  presence of a l ow concentrat i on of  

1 0  �g��
3
of ru bratox i n  B ,  a tox i c product of  Pen i c i l l i um ru brum . More 

r ecent l y  Fabbri  and h i s  col l eag ue s  ( 1 984 ) s howed that  T-2 t ox i n ,  a 

metabo l i te of certa i n F u s ar i um s pec i es ,  enhanced the product i on of 

af l atox i n  by Aspergi l l u s paras i t i cu s .  
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Tab l e 6-3 : Moi sture content req u i red for growth of se l ected mycotox i n­

produc i ng fungi 

Mo i sture content ( % )  F u n g i  

1 0 . 0 - 1 7 . 0  As pergi l l u s ochraceus , 

1 5 . 6 - 2 1 . 0  Pen i c i l l i um c i tr i n um ,  � cyc l op i um ,  � oxa l i cum ,  

� pal i t an s ,  � vers i co l or ,  � vi r i d acat um 

1 8 . 0  - 20 . 0  � fl av u s , � paras i c i t u s  

2 2 . 0 - 33 . 0  A l tern aY.i a spec i e s ,  F u s ar i um mon i l i forme , 

F .  roseum , F .  tr i c  i nctum 

S ource : C i eg l er ( 1 9 78 ) 

The fi na l  pos s i b l e source of mu l t i p l e  tox i n s i n  a s u b strate i s  

attr i b utab l e  to t he  ab i l i ty of some mou l d s pec i es to synth es i ze more 

t h an one toxi n i n  n at ure . Stra i n s  of  F u s ar i um grami nearum,  for 

examp l e ,  can e l aborate zeara l enone and vomi tox i n ( Seaman , 1 982 ) wh i l s t 

i so l ates of P .  i s l a n d i c um h ave  been as soc i ated wi th the  format i on of 

at  l east  fi ve heprJox i n s ,  name l y  L uteoskyr i n ,  cyc l oc h l orot i ne ,  i s l an­

d i tox i n ,  eryth roskyr i ne  and rug u l o s i n  ( M i s l i v ec ,  1 981 ) .  I n  the  case  

o f  t he  moul dy farm s amp l es a na l ysed for mycotox i n s ,  tox i ge n i c  s tra i n s  

of � v i r i d i catum or � pa l i t a n s  cou l d  b e  i nd i v i du a l l y  respons i b l e  for 

the presence of oc h ratoxi n A a nd c i tr i n i n  ( Tab l e  6 -3 ) . The c apac i ty 

t o  prod uce mu l t i p l e  tox i n s i s  not  so l e l y  dependent upon the genet i c  

poten t i a l  endowed upon  the funga l  stra i n concerned but  a l so  on  the  

e nv i ronmenta l  factors  wh i c h p l ay a rol e i n  dec i d i ng the  f i n a l  syn-

t hes i s  sys tem act i vated and h ence the  tox i n  formed . F urthermore ,  

t here i s  ev i dence t o  s how that  a stra i n of  A .  ochrace us , a producer 

of  two tox i n s ,  forms pen i c i l l i c ac i d  at l ow t emperatures of 1 5- 22°C 

a nd l ow mo i st ure content , and h i gh temperatures and h i g h mo i st ure 

content  favour  the  format i on of ochratox i n  B ( B acon et �. , 1 97 3 ) . 



Tab l e  6-4 : Af l atox i n ,  c i tr i n i n  and ochratox i n -produc i ng fungi 

F unga l  s pec i es 

Asperg i l l u s 

Pen i c i l l i  urn 

Af l atox i n  ( a )  C i tr i n i n  ( b )  Ochratox i n  ( b )  

� f l av u s , � cand i d u s ,  A .  n i  veus  � a l l i aceu s ,  
A .  me 1 1  eus , 
7C ochraceus , 
A .  s u lphureu s 

A .  ost i an u s , 
A .  petrak i i ,  � paras i t i cu s  � terreus  
A .  s c l erot i orum 

� c anescens,  � commune, � cyc l op i um ,  
� c i treo- v i r i de � pa l i t ans , � purpurascens  
� c l av i forme , � expan s um � vari ab l e ,  � v i r i dacatum 
� fe l l utanum ,  � impl i c at um 
P .  j en sen i  P .  l i v i d um 
P .  pa l i t ans  P .  s teck i i  
P .  v e l u t i n um P .  v i r i d acatum 

Sources : Krogh ( 1 976 ) b ; D i ener and Dav i s  ( 1 969 )  a 

__, 
1.0 
N 



1 93 

Other than t h e  one pos i t i ve s amp l e ,  t h e  major i ty of the  bar l ey 

s amp l es anal ysed d i d  not y i e l d  a ny mycotox i ns .  A l arge n umber of  

reason s co u l d  acco u n t  for the  absence of  mycotox i n s .  

Mydotoxi n s  co u l d be present  i n  pockets  o f  the gra i n b u l k but  were 

not c o l l ected for ana l ys i s .  The c hances  of  th i s  occurr i ng i n  t h e  

present i nves t i ga t i on were d i mi n i shed b y  t h e  c are taken  i n  s amp l i ng 
b u l k gr a i n  ( C hapter 3 )  and i n  reduc i ng s amp l e s i ze s  for act u a l  tox i n 

ana l ys i s .  Tox i n s  present i n  s amp l es exam i ned cou l d  be at l eve l s  t oo 

l ow to  be detected by the  method of a n a l ys i s  u s ed .  The or i g i n a l  

method of  Patterson  a n d  Roberts ( 1 979 ) emp l oy i ng d i a l ys i s  t u b i ngs  for  

membrane c l ean- u p  of  extracts and  2 - d i men s i ona l  T . L . C .  i n  v ar i ou s  
s o l ve n t  systems t o  improve  sens i t i v i ty cou l d  detect mycotox i n s i n  

b ar l ey at  mi n i mum l eve l s  of 0 . 2  vg/kg  for af l atox i n  B1 , 5 v g / kg- 1  for  
- 1  - 1  oc hratox i n  A ,  50  v g/kg  f o r  zeara l enone a nd 200 v g / k g  for T-2  

t ox i n .  A l though  the  act u a l  m i n i mum concentrat i on s  of tox i n s  wh i ch the  

mod i f i ed method u s ed i n  the  present s t ud i es cou l d  detect w e�e not  
e s t i mated , the method was tes ted wi th  s amp l es  s p i k ed wi th  

v a r i o u s  toxi n concentrat i ons to en s ure i t s effi c i ency. 

De s p i te the l i ke l y  presence of tox i gen i c  fung a l  s tra i n s  ami d s t  

the  n at ura l  f u n g a l  f l o ra o f  t h e  bar l ey g ra i n s  s t ud i ed ,  t h e  l ac k  o f  

o pport u n i ty for t he se  fung i t o  thr i ve and e l aborate tox i n s  m u s t  b e  t h e  

p r i nc i p a l  reason for t h e  absence of  tox i n s  i n  al l t h e  n egat i ve 

s amp l e s .  Other t h an the obv i ou s  l ac k  of  conduc i ve e nv i ronment a l  

cond i t i on s  f o r  t ox i n  format i on ,  t h e s e  g ra i n s  were dry a n d  some were 

treated wi th chem i c a l  substances  s uc h  as  M a l ath i on and Ma l d i son  pr i or 

t o  storage . These s u bstances co u l d a l so  h av e  an i n h i b i tory effect on 

f u ng a l  growth and t ox i n  format i on .  Depend i ng on  the f unga l  spec i es 

a nd the  i n sect i c i de u s ed ,  decreased yi e l d s  o f  af l atox i n  and oc hratox i n  

A were obta i ned by V andergraft ( 1 97 3 ) . S i m i l ar l y ,  Draug hton and Ayres 

( 1 981 ) reported t h a t  afl atox i n product i on was i nh i b i ted by 1 00 p pm of  

t he  fo l l owi ng i n sect i c i de s :  D i c h l orov o s ,  D i az i non , L andr i n ,  

M a l ath i on ,  Pyreth r um and S ev i n ,  bu t n o  accoun t  of  s uc h  i n h i b i t i on 

cou l d be t aken  i n  t h e  present i nves t i g at i on s .  

The s amp l es a n a l ysed i n  the  present  s tudy i nc l uded two obv i ou s l y  

mou l dy ones wh i c h were negat i ve for mycotox i n s .  There are other 
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reported i n stances  when mou l d  i nfe stat i on s  were not  synonymou s  w i t h  

t ox i n prod uct i on 

Shotwe l l ,  1 97 7 ;  

i n  cereal  gr ai n s  ( C hr i sten sen and M i roc h a ,  1 9 7 7 ; 

and N i l es  e t  �. , 1 985 ) . Th i s  apparent d i screpancy 

c a n  be exp l a i ned by recog n i s i ng th at not al l moul d s  are tox i n -

producers  and n o t  a l l cond i t i on s  are s u i t ab l e  for tox i n  prod uct i on 

( Shotwe l l ,  1 97 7 ) . 

I n  the event of  s po i l age  when  fung i o f  var i ous  types abound , any 

toxi gen i c  spec i es must s u rv i ve and have the compet i t i ve advant age t o  

p rol i fe rate before they c a n  produce  tox i n s .  Stud i e s  c i ted ear l i er i n  

t h i s  d i scu s s i on h ave i l l u s t rated the restr i ct i ng effects other co l o ­

n i st s  h ave o n  funga l  growth and tox i n produc t i on .  The general  myco­

f l ora  present can  i n h i b i t  tox i n  produc t i on i n  a n umber of ways . Other 

fung i cou l d  be ardent compet i tors for n u t r i ents , espec i a l l y  i n  the 

advanced  decay s t age . Bec ause  the  n utr i t i on a l  s t atus of tox i gen i c  
s tra i n s  i s  i mportant i n  determ i n i ng tox i n -prod uc i ng ab i l i ty ( Mo s s  and 

B ad i i ,  1 982 ) any defi c i ency i n  av a i l ab i l i ty of read i l y-metabo l i z ab l e  

s ubstr ates cou l d check  enzymes  respon s i b l e  for tox i n  product i on 

( Abdo l l ah i  and B uc h anan , 1 98 1 ) .  I n  l oc a l i sed  areas of the  gra i n bu l k ,  

t h e  act i v i t i es of  any compet i ng mycofl ora  c a n  q u i c k l y  a l ter  the  mi cro­

e nv i ronment  to an  extent wh i ch depres se s  tox i n  format i on .  Mo i s t ure 

av a i l ab i l i ty co u l d be s evere l y  reduced to  a l eve l  too l ow for tox i n  
format i on .  Growth of  thermoph i l i c spec i es ,  for examp l e ,  c a n  ra i s e  

temperatures , thereby decreas i ng tox i n y i e l d s  and temperat ures c an be 

e l ev ated to s u c h  a l eve l  that no tox i n  format i on occurs ( M i s l i vec et  

�. , 1 9 77 ; c i ted by  Sto l off ,  1 9 79 ) . 

F u n g i  suc h as  Pen i c i l l i um c i tr i n um and P .  expan sum i n h i b i t  

af l atox i n  prod uc t i on by � f l av us  wi th t h e  prod uct i on of a f i l terab l e  

and heat-stab l e  s ub stance ( M i s l evec et �. , 1 977 ; c i ted by M � s l i vec, 

1 97 9 ) . St i l l  others compete by break i ng down the  tox i c  metabo l i tes  or 

c h a ng i ng them to  l es s  tox i c c ompound s  as soon as  they are formed 

( C i eg l er et �- , 1 96 6 ;  C h r i stensen  et  a L· , 1 97 7 ;  Doy l e et �- , 

1 980 ) . The ro l e of  Aspergi l l us n iger ,  F u s ar i um roseum,  R h i z octon i a  

s o l a n i  and Macrophom i n a  phaseo l i  i n  redu c i ng afl atox i n accumu l at i on by 

� fl avu s  i n  a l i q u i d  med i um a nd i n  peanu t s  was  stud i ed by As hworth et  

a l . ( 1 965 ) .  T he  amount  of t ox i n broke n  down was dependent  upon  the  

i n i t i a l concentrat i on .  Doy l e and  Marth  ( 1 978 ) s howed that  b i o l og i c a l  

deg r adat i on of afl atox i n s  was  a l s o  carr i ed o ut  by myce l i a of  t he  
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af l atox i n - prod uc i ng fung u s  � paras i t i c u s  NRRL 2999 .  The degradat i on 

proce s s  was great l y  enh anced by fragmented myce l i a  and t he  mechan i sm 

of  degradat i on was t r aced to i ntrace l l u l ar degrad a t i on con s t i tuents . 

A l though  t h e  n umber of  s amp l es ana l ysed for t ox i ns i n  th i s  s t udy 

was  smal l ,  t he  t rend obt a i ned for the  n at ura l  ocu rrence of  mycotox i n s 

was  i n  agreeme n t  wi th  the  i nc i dence of  tox i n s i n  smal l gra i n s  exami ned 

overseas . Normal  and good grade gra i n s amp l es recorded none  or  very 

l ow l eve l s  of af l atox i n s ,  zearal enone , T-2  t ox i n s ,  ochratox i n and 
c i tr i n i n  ( Shotwe l l � �. , 1 9 10 ,  1 97 1 , 1 976 , 1 97 7 ,  1 980 ; Neshe i m ,  

1 97 7 ; Krog h et �. , 1 9 73  c i ted by H arwi g and Mu nro , 1 975 ; Stahr , 

1 981 ) .  On t he  other h and , thousands  of  s amp l es of gra i n s wh i ch h ad 

been overwi ntered i n  the  fi e l d or h arves ted and stored at h i g h mo i s ­

t u re l eve l s ,  o r  a l l owed t o  become heated o r  rewetted d u r i ng  storage , 

freq ue n t ly  became i nvaded by fung i and contami n ated wi th  mycotox i n s .  

The 1 972  corn  crop i n  the northern Corn  Be l t  of the U . S . A . , wh i ch 

was  exposed t o  h i gh mo i s t ure i n  the  f i e l d and after harves t ,  was l ater 

fo und t o  be contami nated wi th zeara l enone , af l atox i n and T-2  t ox i n 

( Ep p l ey et �. , 1 9 74 ) . Of the 5 7  obv i ou s l y  d amaged corn  s amp l e s 

c o l l ected by Sto l off � �· ( 1 976 ) from 1 1 6  d i fferent farms and 

country e l ev ators  l oc ated i n  the U . S . A . , 30% were pos i t i ve for 

af l atox i n  and 7% were po s i t i v e for zeara l e none . On exam i n at i on of 2 9  

farm s amp l es o f  heated gra i n  from S askatc hewan , Canad a ,  oc hratox i n  A 

was  detected a t  concentrat i ons  of 0 . 03 - 2 7  ppm,  c i tr i n i n at 0 . 07 -80 ppm 
a nd a s amp l e  was al so  contami nated wi th  ster i gmatocyst i n  ( Scott et 

�. , 1 972 ) . A s urvey of the  mycotox i n l i terature pub l i s hed w i l l  yi e l d 

many more s i m i l ar examp l e s .  

Hence the  c h ances  o f  mycotox i n s occurr i ng natura l l y  i n  sound , 

fres h l y- h arves ted and proper ly- s t ored gr a i n s  are remote ,  wh i l st gra i n s  

t h at h ave become moul dy c a n  b e  a s ource of  t ox i n s .  T h e  i so l at i on o f  

m u l t i p l e  tox i n s from a s i ng l e  mou l dy s amp l e ,  a s  i n  th i s  cas e ,  

i nd i c ated t h a t  more th an one f u nga l  spec i es was i nv o l ved i n  the  
s p o i l age proc e s s . S u c h  j o i nt ventures  by  funga l  spec i es i n  formi ng  

t ox i n s  i n  an  i nd i v i d ua l  s ubstrate i s  of  concern , for  t he  h ea l t h  r i s k s  

i nv o l ved i n  c o n s umi ng m u l t i mycotox i n- contam i n ated feed c a n  be  amp l i ­

f i ed by the  p robab l e  synerg i st i c  effect s o f  t he  t ox i n s presen t .  
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CHAPTER 7 

GENERAL D I SCUSS ION 



F u n g i  

depend o n  

1 9 7  

are u s u a l l y  present i n  gr a i n s .  The i r  k i nd and abundance 

a n umber of  f actors wh i ch i nc l ude  the  grai n v ar i ety ,  the  
env i ronment  d ur i ng  gra i n format i on ,  the h arvest i ng proc e s s  and  t he  

c o nd i t i on s  of  storage . Once gra i n s  are harvested and stored , i t  i s  
p r i nc i pa l l y  t he  fung i and th e i r  i nteract i on s  w i th  other b i o l og i ca l , 

p hys i c a l  and chem i c a l  factors t h a t  br i ng about  deter i or at i on and 

s po i l age . 

I n  add i t i on ,  t h e  prol i ferat i on o f ,  part i cu l ar ly ,  the  so-ca l l ed 
s torage fung i , under  favo urab l e  cond i t i on s  of mo i s t u re and 
t emperature , can res u l t i n  the p roduct i on of metabo l i tes  wh i c h are 

t ox i c  both t o  an i ma l s and to  man . These mycotox i n s can be  i nges ted 
w i th feed s tuffs  prepared from the contami n ated gra i n s .  

I n  t h e  c ase o f  b ar l ey- conta i n i ng feed s ,  mycotox i n  contami n at i on 

i s  often a res u l t o f  e ar l i er funga l growth on and wi th i n  the  gra i n 

i ts e l f ,  and th i s  i s  mos t  l i ke l y  t o  occur  d u r i ng storage of t he  gra i n .  
T herefore  i t  i s  i mportant  to exam i ne  the  mycof l ora  assoc i ated wi th  the  

gra i n and  to  st udy t h e  chang i ng l ev e l s o f  f u nga l  cont ami n at i on wh i ch 

occur  du r i ng s torage o f  bar l ey .  

I n  the  present s t ud i es ,  reasonab l e  effort wa s  t a ke n  t o  ensure 

t h at a l l t h e  s amp l es and s ub samp l es se l ected for exami n at i on and 

a n a l ys i s  were tru l y  representat i ve of the popu l at i ons  b e i ng  s t ud i ed .  

S o ,  v a l i d  u n b i ased i nferences  co u l d be  made from the  i nformat i on 

o bt a i ned .  

The  s amp l i ng o f  granu l ar mater i a l part i cu l ar l y  for myco tox i n s i s  

d i ff i c u l t because o f  f actors s u c h  as  the  s heer b u l k of the  mater i a l to 

b e  s amp l ed and the u neven d i str i bu t i o n of f u ng i  and t ox i n s  ( D av i s  et 

�. , 1 980 ) . To get adequ ate , random s amp l es of bar l ey gra i n ,  s amp l es 

were t ak e n  after a l ot of b ar l ey h ad been b l ended by harvest i ng ,  

l oad i ng and u n l oad i ng o r  by man u a l l y  m i x i ng .  Two effect i ve and h i g h l y  

recommended method s of  s amp l i ng ,  n ame l y  s t ream and probe s amp l i ng ,  

were u s ed ( Dav i es et � . ,  1 980 ) . 

I n  t h e  l aboratory,  a l l s amp l e s  were we l l m i xed , systemat i ca l l y  

reduced , and i n  t h e  case  of  mu l t i mycotox i n ana l ys i s ,  commi n uted t o  
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ensure u n i formi ty of the mater i a l before subsamp l i ng and s u bsequent  

exami n at i on and  an a l ys i s .  

The c ho i ce o f  exami nat i on tec h n i qu e  u sed to determi ne  the  barl ey 

mycof l ora  was a l so  i mportant  s i nc e  s uc h  factors as  the  c ho i ce  and 
s trength  of  t he  d i s i nfect ant s o l u t i on  used to  surface-ster i l i se 

gra i n s ,  t h e  t i me of i mmers i on i n  the  s o l u t i on and the  type of ag ar 

med i um u sed i nf l u ence the res u l t s ( Semen i uk ,  1 954 ; Pep i n ,  1 976 ) . 

Neverth e l e s s ,  n o  one tech n i q u e  or med i um wi l l  d i vu l ge a l l t he  fung i 

assoc i ated wi th a g i ven l o t  of gr a i n  ( Wa l l ace and S i n h a ,  1 962 ) . Of 
the two wi d e ly- used method s i n  t h e  s t udy of  bar l ey gra i n s ,  the  gra i n 

p l ate method and the  d i l u t i on p l ate  method , the l at ter was the  prefer­

red cho i ce  i n  these  i nve s t i ga t i ons  as i t  was more s u i t ab l e  for 
est i mat i ng the tota l  n umber of f u nga l  propagu l es con tam i n at i ng the  

gra i n .  

Potato dextrose agar ,  a med i um rout i ne l y  used for t he  i so l at i on 

a nd i de n t i f i cat i on of n umerous f u ng i ( Ogawa et �. ,  1 97 8 )  was used to 

enumer ate  and i so l ate v i ab l e  fung i i n  the d i l u t i on p l at i ngs  of 

s upernatants  re s u l t i ng from the s h ak i ng of bar l ey gra i n s  i n  ster i l e  

water . P re l im i n ary exper iments  h ad s hown that  PDA was t he  best  med i um 

to  g i ve a broad s pectrum of both the  f ung i  themse l ve s  and the i r  

n umbers , compared wi th more s e l ect i ve med i a  such  as t ryptone soya 

agar , ma l t  sa l t agar and Cz apek Dox aga r .  A l so ,  0 . 05 mg/cm3 c h l oram­

phen i co l  was i ncorporated i n  t h e  ag ar t o  s u ppress  t he  growth of 

b acter i a . 

However , the  d i l u t i on p l ate  method , too , h as i ts l i mi tat i on s .  

Most i nv e s t i g ators  fo l l ow t h e  method of  Chr i s tensen  ( 1 957 ) by 
commi n ut i ng gra i n  i n  a b l ender before d i l u t i on p l at i ng .  Th i s  tend s to 

gros s l y  over-est i mate tota l  f u nga l i nocu l um by s u bd i v i d i ng ex i st i ng 

' v i ab l e  funga l  s truc t ures • ,  t h u s  i ncreas i ng the n umber  of co l o n i es 

found d u r i ng p l at i ng .  Even wi t hout  commi n u t i ng the gra i n s ,  t he  method 

s t i l l  t end s t o  favour  the  e n umerat i on of  the  heav i l y- s poru l at i ng 

s pec i es .  Wh i l st the  method g i ve s  a genera l  p i ct ure of  the  funga l  

f l o ra  present , i t  does not  d i st i ng u i s h those  wh i c h grow from s pores 
a nd tho s e  wh i c h  grow from hyphae .  Ne i th er does i t  d i s t i ng u i sh  between  

f ung i ex i s t i ng o n  the  s urface from those  w i th i n  the  gra i n .  
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T hu s ,  a n umber of d i fferent tec h n i q ues  i s  req u i red to g i ve 

accu rate  a s ses sments  of the  n umber and k i nds  of fung i , e spec i a l l y  wi t h  

respect to t h e  l eve l s o f  both i nterna l  and externa l  con t ami n at i on i n  

s tored gra i n s ,  wh i ch was an i mportant  aspect of the  present 

i nvest i gat i on s .  

T h e  tota l  count i ng t ec h n i q u e  u sed t o  obt a i n  v i ab l e  fung i from 

bar l ey gra i n s  h ad certai n ad vant ages  over other techn i ques . V i ab l e  
counts  o f  funga l  propag u l es obta i ned cou l d  be d i ffere n t i ated i nto  

tota l  v i ab l e  co unts , tota l  o ut s i de and tota l  i ns i de counts  ( s ee 

C h apter  3 ) .  Tota l  v i ab l e  counts , wh i ch con s i sted of  mai n l y  

s u perf i c i a l contami nants , were obt a i ned by a twofo l d  s h ak i ng proce s s .  

F i rs t , who l e g r a i n s ,  and then  after dehu l l i ng , the i r  h u s k s  and 

caryopses , were separate l y  s h ake n  i n  s t er i l e  d i s t i l l ed water . I n  

order t o  enumer ate v i ab l e  f ung i i n s i de the  gra i n ,  t hat  i s  funga l  

propag u l e s enc l o s ed between husks  and  caryopses , the  gra i ns were f i r s t  
s u bj ec t ed t o  s urface ster i l i s at i on wi t h  s od i um hypoc h l or i te .  They 

were then  dehu l l ed a nd t he  re s u l t ant  gra i n fract i on s  were s h aken  i n  

ster i l e  d i st i l l ed water . To i mprove the effi c i ency of  s urface 

c l ea n s i ng both for s u rface s t er i l i s at i on and col l ect i on of exter i or 

part i c l e s ,  s ter i l i sed bead s ,  as  sugge sted by M u l i nge  and Chesters  

( 1 9 70 b ) were added  pr i or to  t he  s h ak i ng proces s .  These  bead s  ass i st 

i n  r e l eas i ng s l i my ,  s t i cky  s pores trapped i n  cracks , crev i ce s  and 

other  rough  struc t u res  on  the gr a i n  s urf aces . 

T he  types of  fung i c u l t u red from who l e gra i n s  and gra i n fr act i on s  

cou l d b e  d i st i ng u i s hed i n  a s i m i l ar manner t o  the  fung a l  genera from 

t he  d i l u t i on p l ates i . e .  genera or i g i n at i ng from i n s i de the  g ra i n 

cou l d  be  d i ffere n t i ated from those  or i g i n at i ng from the  outs i de s ur­

faces . A l l t h e  fun g i  that  grew on  p l ates  of s u pernatants  from 

s urface- s ter i l i sed  gra i ns , i n  add i t i on to those co l on i es from cu l t u red 

g ra i n fr act i on s ,  were pres umed to be fung i occurr i ng i n s i de the gra i n .  

T he  cu l t u r i ng of fung i t h a t  grew ma i n l y from funga l  hyphae wh i ch 

h ad penetrated o r  co l o n i s ed t he  h u s k  was  another i mportant  a spect of  

t he  p resent  s t ud i es and was ac h i eved a s  fo l l ows . S urface- s t er i l i sed 

gra i n s  were washed 1 6  t imes  w i th  ster i l e  d i st i l l ed water , dehusked , 

and t h e n  the  h u s k s  were was h ed i n  ster i l e  d i s t i l l ed water 4 t i mes  and 

c u l t u red . The  fung i t hat  grew from these  • hu s k • c u l t u res  c o u l d th u s  
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be d i st i ng u i shed from those  wh i c h  occurred ma i n l y  as  superfi c i a l 

contam i n ants i n  the  form of spores . 

The cu l t u r i ng of  c aryopses  and c aryops i s  sect i on s  enab l ed t he  

i so l a t i on  of fung i wh i ch ex i s ted i ns i de the gra i n a nd  to  a l i m i ted 

exten t  those wh i ch had penetrated c aryops i s  t i s s ues . However , to 
e n s ure  that any ex i st i ng i nterna l  fung i of c aryopses  wou l d h ave  a good 

o ppor tu n i ty of be i ng  i so l ated and n ot be  exposed to und u e  compet i t i on ,  

the  caryopses shou l d  h ave been surface-ster i l i sed before they were 

c u l t ured as a who l e or as  cut sect i on s .  Th i s  l at ter step  shou l d  be  

i nc l u ded in  order to  i mprove the  res u l t s obta i ned i n  Sect i on 3 . 3 . 5. 2  

wh i c h  i mp l i ed that  the fung i i so l ated from the  cu l t u red caryops i s  

t i s s ue s  were ma i n l y  those  wh i ch occurred on  the s u rface of the  

c aryopses . 

The ev a l u at i on and determi n at i on of the  l ocat i on of funga l  

myce l i um occurri ng i n  the b ar l ey gra i n s  exami ned i nvo l ved not on l y  t he  

c u l t ure  of  h u s k  str i ps a nd  caryopses but  a l so a comb i n at i on  of other 

method s . Caryops i s  sect i ons  and s tr i ps of  husk  were s t a i ned i n  

l actophenol co tton b l u e  or a n i l i ne b l u e for d i rect mi croscopy. Both 

i nner  and outer  surfaces of h u s k s  were exami ned for th e types of  

f u ng a l  hyphae p resent and  for  the i r  l ocat i ons . The  res u l t s  obta i ned 

by l i g ht mi croscopy were further s upp l emented by scan n i ng  e l ectron 

m i crosco p i c  observat i ons of who l e gra i ns  and h u s k s .  

I n  ad d i t i o n ,  hypha l  fragments wh i ch were detached d u r i ng shak i ng 
of  t h e  gra i n s  were exam i ned and quant i f i ed u s i ng the  membrane 

f i l t r at i on  tec h n i q u e .  Th i s  method was q u i c k  and s i mp l e  to  u s e ,  but i t  

h ad the  d i s ad v antage of not  d i fferent i at i ng the  v i ab l e  from the non­

v i ab l e  hypha l  fragments reta i ned on  the  membr ane  f i l ters . As a 

res u l t ,  a m i c ro-man i pu l a t i on  techn i q ue was used to  p i ck up  the  

detached hypha l  fr agments  and depos i t  them on  P DA for c u l t ur i ng ,  t o  

i de n t i fy any v i ab l e  hyphae . 

The  mi cro-man i pu l a t i o n  techn i q ue  was a l so  fou nd to  be  s imp l e  t o  

u s e ,  and a l t ho ug h  somewh at t i me-con s umi ng , i t  was a n  effect i ve way of 

determi n i ng v i ab i l i ty of  hypha l  fr agments . It avo i ded both t he  

u ncert a i nt i es  i ntroduced by  i ncomp l ete s urface ster i l i s a t i o n  of spores 

cont ami n at i ng h u s k s  cu l t ured for v i ab l e  myce l i um ( Mu l i nge and 
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C he ster s ,  1 9 7Gb )  and  the  probab l e  h armfu l  effect s  on funga l  myce l i um 

of  s od i um hypoch l or i te ( M i l ner � �. , 1 947 ) , a s urface ster i l an t  

common l y u sed b y  many i nve s t i gator s .  

I n  the present i nve s t i ga t i on s  the  method was on l y  u s ed t o  c heck 

the v i ab i l i ty of l oose l y- at t ac hed hyphae ,  but i t  co u l d be read i l y 

ada p ted for other  uses , for examp l e , to determi ne  the  v i ab i l i ty of  

i nterna l  hyphae ,  prov i ded t he  h u s k  t i s s ue s  were f i rst  s oftened and  

gent l y macerated i n  s uc h  a way a s  to  l oosen fragment s  from the  
i nterna l  network  of  myce l i um .  

To  i nv e s t i gate  the  l ev e l s of gr a i n contam i n at i on by 

f u n g i  the fo l l owi ng counts  from d i l u t i on p l at i ng s  of s upernatants from 

who l e grai ns , h u s k s  and caryopses  were taken : tota l  v i ab l e  co u nts , 
o u t s i de co u n t s  and i ns i de count s . I t  was found  that  for al l t he  
11 C l ean 11 gra i n s  exami ned t he  out s i de counts  con s t i tuted  the  major  

p roport i on of  the  tota l  v i ab l e  co unts . The outs i de counts  obt a i ned 

s howed cons i derab l e  var i at i on s  b u t  th i s  was not u nexpected s i nce  they 

con s i st of f u nga l  propag u l e s  wh i c h  h appen to l odge  on t h e  o uter gra i n 

s urface .  

The tota l  i n s i de counts  recorded for  1 1 C l ean 11 gra i n s  were l ow and 

s howed l i tt l e  v ar i at i o n .  The i ns i de counts  o f  s u c h  gr a i n s  represented 

t h e  total contami n ants  i n troduced  from the env i ronment  i nt o  the s p ace 

between the l emma,  p a l e a  and c a ryo ps i s  d u r i ng  gra i n maturat i on .  

However , once  the g r a i n s  went  mou l dy,  the i nterna l  counts  rose  

d r amat i ca l l y  both as a res u l t of  the  growth of  the  i nterna l  

co n t ami n ants  

c o n t ami n ants . 

and as  a res u l t o f  h u s k  penetrat i on by outs i de 

Th i s  was i l l u st r ated by the  h i gh i nterna l  counts  
obt a i ned for  mou l dy farm-s t ored gr a i ns . D ur i ng storage any i ncrease 

i n  the i nterna l  count  wou l d  tend  t o  i nd i cate  t h at i nc i p i en t  growth was 

t ak i ng p l ace and  therefore these count s  cou l d prove h e l p f u l  i n  deter­

m i n i ng gra i n c o nd i t i on before v i s i b l e  mou l d appeared . 

The genera  assoc i ated wi t h  each  gra i n s o urce were i so l ated from 

d i l u t i on p l ates  i ncubated at 25°C and 37°C .  These genera  i so l ated 

were therefor e  mai n l y  mesoph i l i c f u ng i  wi th  some t hermoto l erant  

s pec i es appea r i ng at t he  h i g her t emperature .  A compar i so n  of  the  

f u n g a l  f l ora  of d r i ed bar l ey i s o l ated i n  these  stud i es w i th  those  
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found by several  o t her i nvest i gators overseas revea l ed a great  

s i mi l ar i ty i n  both genera  and  the i r frequenc i es of occurrence .  

I n  a New Zeal and s t udy of  t he  mycofl or a  o f  b ar l ey s eeds grown i n  

t h e  Wa i rarapa d i str i ct , C hong and Sher i dan  ( 1 982 ) i so l ated a var i ety 

of fung i from 32 seed s amp l es u s i ng  4 d i fferent method s .  Many of t he  

genera i so l a ted were  a l so  found i n  t h e  present s tud i es and wi th  

r e l a t i ve l y  s i mi l ar frequenc i es .  For examp l e ,  A l ternar i a ,  

C l adospor i um ,  Fusar i um were present wi th freq uenc i es over 90% i n  both 

s t ud i es wh i l st Aspergi l l u s ,  Mucor and Tr i c hoderma were present  at 

r e l a t i ve l y  l ow frequenc i es .  

Among s t  the fung i found i n  the  barl ey s amp l es exami ned , t here 

were some wh i ch are of economi c i mportance as p l ant  pathoge n s ,  

s po i l age orga n i sms and tox i n  producers . Several  o f  t h e  f i e l d  fung i 

e ncountered h ave been c i ted as  i mportant seed - borne p athogen s  

( Machacek et �. , 1 95 1 ; and Sher i da n ,  1 976 ) . Fung i s u c h  as Epi coccum 

purpurascens, N igrospora  oryz ae , A l t ernar i a a l ternata were found t o  be  
p athogen i c  to  r i ce seed l i ng s  ( L au and Sher i da n , 1 974 ) . Many of the  

Drec h s l era s pec i es a s soc i ated wi th  bar l ey are i mportant  p l ant  patho­

gens  ( Hampton and  Matt hews , 1 97 8 ) . D .  teres , for  examp l e ,  i s  the  

c au s a l  agen t  of net  b l o tc h ,  a n  i mportant d i sease of b ar l ey crops i n  

N ew Zea l and ( Arnst et �. , 1 978 ) . 

Under favourab l e  cond i t i on s  gra i n deter i orat i on and spo i l age can  

occur  by the  growth of  fung i present i n  the  gra i n .  I n  s tored bar l ey , 

s po i l age i s  often attr i b uted to  the growth of  s torage f u ng i , 

e spec i al l y  stra i ns  of Aspergi l l u s  and Pen i c i l l i um ,  many o f  wh i ch were 

present  i n  t h e  b ar l ey s amp l es ana l ysed ( s ee Append i x  3 - 1 ) .  Moreove r ,  

t h e  d amage caused by t h e  growth of these groups can  b e  enh anced sho u l d 

c erta i n  comb i nat i ons o f  s pec i es be  presen t .  For examp l e ,  A .  f l a vus  

and � c and i d u s  growi n g  together appear to cause  much  more germ damage 

t h a n  the s i mu l t aneous growth of some members of the � gl aucus  group  

( Q asem and  C h r i stense n , 1 958 ) .  Certa i n fung i i so l ated i n  the  present  

s t ud i es not  o n l y  cause  g ra i n s po i l age  but  a l so  produce  a n umber of  

mycotox i n s  g i ven  appropr i at e  cond i t i on s . Both f i e l d  fun g i  l i ke 

A l ternar i a and Fusar i um ,  a s  we l l  a s  storage fung i i nc l ud i ng s evera l  

s pec i es of Pen i c i l l i um and  Aspergi l l us fa l l i nt o  th i s  c atego ry 

( C i eg l er ,  1 978 ; Mi l l s ,  1 982 ; and Bruc e ,  1 984 ) . 
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W i th the  except i on of  mou l dy gra i n s ,  fung a l  contami nat i on i n  the 

form of s pores and hyph ae as  detected by d i l u t i on p l at i ng s ,  from 

d i rect p l a t i ng s  of h u s k  fract i on s  and by d i rect m i croscopy,  occurred 

ma i n l y  on t he  o uter s u rf aces . Th i s  i s  i n  agreement  wi th  the f i nd i ng s  

o f  severa l  other i nves t i gators . Mu l i nge and C hesters ( 1 970a ) found 5% 

of the c aryopses they c u l t ured were i nfected , c ompared wi th  65-80% 

i nfect i on of h u sk s .  F l ann i gan and D i c k i e  ( 1 97 2 ) d etected most  v i ab l e  

fung a l  propagu l es i n  t h e  f i rst 5 %  o f  t h e  h u s k  a n d  per i c arp removed 

d ur i ng pear l i ng of bar l ey . Myce l i um ,  too , was found to be l oc ated i n  

t he  h u s k  r ather than t h e  caryops i s  by Warnoc k and Preece ( 1 9 7 1 ) .  The 
a bsence of h i g h  i nterna l  contami n at i on wou l d serve  to i nd i c ate that 

g ra i n s  h ave  been proper l y  stored and no  s i gn i f i c ant funga l  i nvas i on 

has  occu rred . 

I n  the present i nvest i ga t i ons , f i e l d  fu ng i were predom i nant i n  

h u s k  and caryops i s  fr act i ons  of fres h l y- h arve sted gra i n s .  After 
pro l o nged storage at amb i ent  temperatures , Pen i c i l l i um and Aspergi l l u s 

s pec i e s penetrated t h e  i nner h usk  surface . The  presence of these  

i nternal  fung i co u l d prove  to be i mportant as t hey are i n  a pos i t i on 

t o  r ap i d l y  i nv ade the  g ra i n and cou l d a l so produce  mycotox i n s  wi t h i n 

t he  gra i n .  

Wh i l st hyphae were on l y  observed i n  the caryops i s  t i s s ues from 

mou l dy gra i n s ,  hyphae  were present  i n  both the  i n s i de and outs i de of 

a l l h u sk s .  The abundance  of myce l i um assoc i ated w i th 11 C l ean 11 gra i n i s  

c l o s e l y  re l ated to  env i ronmenta l  factor s ,  i n  part i cu l ar that of 

re l at i ve  humi d i ty preva i l i ng du r i ng r i pen i ng  nf the gra i n  ( Hyde , 

1 950 ) . I t  was s ubsequent l y  s uggested by Hyde and Ga l l eymore ( 1 95 1 ) 

t h at the  s pread of myc e l i um i n  th e h u s k  was restr i cted by des iccat i on 

wi th i n  the  h u s k . 

S . E . M .  was a u s efu l  techn i que  for conti rmi ng the fi nd i ngs  of  

observa t i ons  by  l i g ht  mi croscopy of  myce l i um d i str i but i on on and  

w i t h i n  t he  gra i n h u sk . The myce l i um assoc i ated w i th c l ean gra i ns  was  

ma i n l y  confi ned to t he  end s of t he  gra i n ,  the ventra l  crease and  gra i n  

s urface structures , wh i l st i n  mou l dy g r a i ns the myce l i um forms a l oose  

n etwork cover i ng the  e nt i re gra i n .  
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I n  the  s t udy of myce l i um a s soc i ated wi t h  bar l ey gra i n s ,  l o o se l y  

attac hed hyphae were obta i ned , the i r  n umbers  e s t imated a s  hypha l  u n i ts 

a nd the i r  v i ab i l i ty c hec ked by membrane f i l trat i on and mi c ro­

man i p u l a t i on  tec h n i q u e s  as deta i l ed i n  Ch apter 3 .  There was l i t t l e 

var i at i on between hypha l  u n i t  co unts  for fres h l y- h arvested g ra i n ,  

s amp l es from commerc i a l s i l o s and l aboratory- s tored s amp l e s ,  

i nd i ca t i ng  that  n o  f u nga l  growth h ad occurred dur i ng s torage . Th i s  
was s upported by t h e  decreas i ng l eve l s of v i ab i l i ty wh i ch were 

obtai ned for hyp h a l  fr agments from we l l - s tored grai n s .  For  mou l dy 
s amp l es ,  however ,  h i g h hypha l  u n i t  counts  and h i gh percentage v i a­
b i l i ty of hypha l  fr agment s  were recorded . 

Most  of t he  hyp h a l  fragments  a s soc i ated wi th  the bar l ey gra i n s  
were d e ad . On l y  2 2 - 2 5% were v i ab l e  i n  fre s h l y-h arvested and we l l ­

s tored gra i n s .  Th i s  i nc reased t o  45% of t he  hyphae i so l ated from 

mou l dy gra i n s .  Th i s  confi rms the  f i nd i ng s  of other i nves t i gators  

( Chr i s tensen , 1 95 1 ; H u s se i n ,  1 983 ) who  a l s o  n oted that  most  of the  

myce l i um as soc i ated w i th  h i gh-qu a l i ty ,  11 c l ean 11 gra i n s  were dorman t  or  

dead wh i l s t  a l arger proport i on assoc i ated wi th l ow- grad e ,  mou l dy 

grai n s  were v i ab l e .  

A l though  n o  c l ear  re l at i ons h i p co u l d b e  demons trated between  

total  v i ab l e  counts  and  tota l  hypha l  u n i ts i n  the  gra i n s amp l es 

exami ned , the  hyp h a l  u n i ts co u l d make a s i gn i f i cant contr i bu t i on to 
total  v i ab l e  count s  and hence the  i nocu l um potent i a l  of the  g r a i n 

fung i i n  s ome s i t u at i on s . Suc h s i tuat i on s  o cc ur  where comparat i ve l y  

l arge quant i t i es o f  hypha l  u n i ts composed o f  l arger and therefore more 

l i ke l y  v i ab l e  fragmen t s  are coup l ed wi th l ow tota l  v i ab l e  count s .  I n  

the  present  s t ud i es ,  examp l es of th i s  were encountered i n  t h e  

commerc i a l s i l o -s t ored and  l aboratory-s t ored grai n s  at amb i en t  

temperat ure s .  I n  both these  c a s e s  tota l  v i ab l e counts  h ad decreased 

to  l ow l ev e l s d u r i ng storage b u t  t he  abund ance  and v i ab i l i ty of hypha l  

fragments  rema i ned  re l at i ve l y  con s tant . 

I n  agreemen t  w i th other  i nvest i gators  ( Chr i stensen , 1 95 1 ; 

H u s se i n ,  1 983 ; a nd E l ek e s ,  1 983 ) the  v i ab l e  fragments  c u l t ured y i e l ded 

f i e l d fung i , ma i n l y  s p ec i es of  A l ternar i a  as  wel l as  Drec h s l era  and 

F u s ar i um from a l l t h e  c l ean fre s h l y- h arvested and  we l l - stored s amp l es .  
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Mou l dy s amp l es yi e l ded on ly  Aspergi l l us and Pen i c i l l i um from c u l t ured 

hyphae .  

The  presence o f  t h e  normal l y  i nv i s i b l e  yet p hys i o l og i ca l l y  act i ve 

hyphae d i s pe l s any e ar l i er myt h s  that  11 S po i l age produces mou l d 11 

( Chr i stensen and Kaufma n n ,  1 974 ) . Moreover ,  the i r  presence i n  t h e  

gra i n  s amp l es exam i ned cou l d be of  concern shou l d  t he  gra i ns  become 
exposed t o  cond i t i on s  wh i ch wou l d permi t the i r  prol i ferat i on l ead i ng 

to gra i n  spo i l age and t ox i n  contami nat i on . 

I n  connect i on w i th  tox i n  contami n at i on ,  recent l y  Mor i t a et �­

( 1 984 ) and Takah ash i et �- ( 1 984 ) h ave s eparate l y  reported the u s e  of 

f l uorescence  m i croscopy i n  detect i ng mycotox i n s assoc i ated wi th  fung a l  

myce l i um .  Mor i ta  et � - detected zeara l enone  i n  the  myce l i um o f  

F u s ar i um gram i nearum wh i l st T ak a h ash i � �- found very good 

corre l a t i ons  between  the d i s t r i but i on of fungal myce l i um and 

steri gmatocys t i n ,  an endo-type t ox i n  ( Purchase  and van  der Wat t ,  1 97 0 )  

i n  brown r i ce kerne l s n atura l l y  i nfected by Aspergi l l u s vers i co l or .  

W i th the  k nowl edge  that  any funga l  growth i s  l i k e l y t o  contr i bu t e  

both t o  t h e  exi s t i ng n etwork of  myce l i um and 

exami n a t i on  of hyp h a l  fragment s  for n umbers 

i ts v i ab i l i ty ,  s uc h  

and v i ab i l i ty cou l d  
prov i de c l ues  as to  gra i n  cond i t i on .  Th i s  cou l d  be espec i al l y  u sefu l  

for  c h ec k i ng gra i n s torab i l i ty g i ven  that  hyp h a l  counts  and  v i ab i l i ty 

decre ased u nder we l l - co ntrol l ed storage cond i t i ons . 

I n  order to s t udy t he  c h ang i ng l eve l s of fung i d u r i ng  storage , i t  

was f i rst  n eces s ary to  k now t he  funga l  ge nera ,  the i r  counts  and  the i r  

d i s t r i b u t i on  i n  g r a i n s  pr i or t o  s torage . The  mycof l ora  present i n  

fres h l y- h arvested g ra i n i s  k nown to  show w i de  v ar i at i ons  from year t o  

year depend i ng o n  g ra i n var i ety ,  

and h arvest i ng method s  ( Jorgens e n ,  

1 983 ) . 

s easona l  cond i t i on s ,  

1 96 9 ;  F l ann i gan , 

c rop  rotat i on s  

1 9 78 ;  Cantone , 

Storage fung i are  a major  factor i n  determi n i ng the  storab i l i ty 

of gra i n .  E ve n  i f  t he  gra i ns are o n l y l i ght l y  i nv aded a nd hence  

damaged , at h arvest ,  t hese fung i wou l d c o n t i n ue to deve l op at a l ower 

mo i s t ure  content and l ower t emperature t h an those req u i red for t h e  

i nv a s i on o f  sound gra i ns ( Ch r i s tensen , 1 97 3 ) . Hence t h e  presence o f  
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spec i es of Aspergi l l u s and Pen i c i l l i um i n  gra i ns  at harves t  may 

render  the  gra i n s  more s uscept i b l e  to  i nvas i on dur i ng storage . 

The  vast  major i ty of fresh l y- h arvested gra i n s  exami ned i n  the  

present  stud i es showed l ow fung a l  co ntami n at i on ( Tab l e  3 - 2 )  wh i ch 

exi s ted  mai n l y  as spore s , as ev i dence from comp ar i sons of tota l  v i ab l e  

counts and hypha l  u n i t  counts . The hypha l  u n i t  counts  represented 

cons i derab ly  l es s  t h a n  one- h a l f of the  tota l  v i abl e counts at h arvest . 

Among st  th i s  c o n tam i nat i on ,  storage fung i were present i n  re l a­
t i ve l y  l ow freq uenc i es a nd , i t  seemed , exc l u s i ve l y  as spores . Th i s  c an  

be conc l uded by  th e absence of  hyal i ne myce l i um i n  t he  h u s k s  a nd  the  

absence of  these  fung i from cu l t u red v i ab l e  hyphal  fragments . At th i s  

stage , these fung i were on l y  cu l t ured from s u rfaces of h u s k s  and i t  

was on l y  after prol onged  storage th at they were detected i n  i nner  h u s k  

t i s s ues . B ased o n  t he  above observat i ons , t h e  fres h l y- h arvested 

gra i n s  s tored i n  t h e  present  s t ud i es were cons i dered 11 C l ean " . 

When bar l ey gra i n s  were s tored after harvest w i th mo i s t ure 

contents  of 1 2- 1 3% and  kept  u nder we l l - co n t rol l ed cond i t i on s ,  the 

quan t i t i es of v i ab l e f ung a l  propag u l es decreased wi th  the  l ength  of 

s torag e . Th i s  drop  i n  funga l  co ntami n ants  occurred on  both the  i ns i de 

and o ut s i de of t he  gr a i n  as revea l ed by a red uct i on i n  t h e  i ns i de and 

out s i de coun ts . 

T h i s  a l so  proved to be th e case  for  g ra i ns kept sea l ed i n  the  

l aboratory at amb i ent  t emperat ures , b u t  t he  co l d- stored gra i n s  showed 

a marked ly  smal l er drop  i n  f u ng a l  v i ab i l i ty .  I t  wou l d appear t h at 

co l d s torage tend s t o  promote t he  l o ngev i ty of fung i and th erefore 

gra i n s  s tored i n  t h e  c o l d s ho u l d be c hecked regu l ar l y .  

I n  mos t  c ases  when gra i n s  were i n i t i a l l y  stored at  s l i ght l y  

h i g her  moi sture  contents  of 1 4- 1 6% i n  a n  u n regu l ated env i ronment  ( i . e . 

farm-s tored s amp l es ) , the  mo i st ure content  rose w i th  storage and t he  

gra i n s  often became heated and  i nfec t ed by weev i l s . Th i s  was  
accompan i ed by  m ou l d i nfest at i on as  ev i denced by  h i gh tota l  v i ab l e  

co u nt s  and for l arger i nterna l  counts  a s  c ompared wi th  t he  we l l - st ored 

gra i n s .  
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As s torage progres sed , so  the p at tern of the fungal f l ora  

c hanged . Genera l l y  the  f i e l d  fung i  wh i c h were predomi nant  at harvest  

grad u a l l y  decreased u n t i l t hey were present  a t  l ow frequenc i es wh i l st 

the  o ppos i te trend was d i s p l ayed by the  s torage fung i . 

The p attern s o f  fung a l  c h ange dur i ng s torage thus  depended ma i n l y  

o n  t h e  mo i st ure conten t ,  t he  temperature ,  the l ength of storage and 
the  genera presen t .  When the  grai n s  were i n i t i a l l y stored at  l ow 

mo i st ure contents and kept i n  a control l ed env i ronment then  spec i es of 

C l adospor i um and Aureobas i d i um showed gradu a l l y  fa l l i ng l eve l s wh i l st 

the  l eve l s  of F u s ar i um and Curv u l ar i a d ropped s harp ly .  A l ternar i a ,  

wh i ch was the  most frequent  genus  at harve s t ,  ma i nta i ned i ts l eve l s  

throughout  the  9 month s • s torage per i od and the s torage fung i , 

Aspergi l l u s and Pen i c i l l i um ,  were i s o l a ted from stored gra i ns  at 

i ncreas i ng freq uenc i es wi th  the  l ength of  s t orage . 

However , when gra i n s  were stored at  h i gher mo i st ure contents  and 

were s ubj ected to c h ange s of  temperature and mo i s ture , a d i fferent  

p attern emerged . W i th i n  6 month s mos t  of  the  f i e l d fung i h ad dropped 

to l ow l eve l s and the  s torage fung i , e s pec i al l y  Pen i c i l l i um and 

Aspergi l l us ,  h ad become promi nent .  

T he  mon i tor i ng of  the  n umbers a nd  s pec i es of  fun g i  i n  s tored 

gra i n s  can therefore be u sed to  determi ne  the gra i n cond i t i on and a l s o  

to  g i ve an  i nd i cat i on  o f  the  storage cond i t i on s .  

O n e  aspect i n  t h e  present  s t ud i es of  s tored barl ey was concerned 

w i th  the afl atox i n -produc i ng potent i a l of  i s o l ates . The genera l  

med i um ,  P DA ,  was u sed  i n  the  i so l at i on o f  t hese fung i  i n  preference to  

A .  f l avus  s e l ect i ve med i a  s uc h  as  Aspergi l l us d i fferen t i a l  med i um and  

Aspergi l l us f l av us and paras i t i cus  agar ( Bothast  and  Fenne l l ,  1 97 4 ;  

H oc k i ng ,  1 982 ) .  T h i s  s i mp l e  med i um w a s  chosen t o  fac i l i tate t h e  

i so l a t i on o f  a wi de  and represent at i ve r ange of fung i wi th  con s i dera­

t i on to the  scope o f  t he  s t ud i e s .  I t  h a s  a l so  been s ug ge s ted t h a t  

se l ect i ve med i a  a r e  l i ke l y  to  g i ve a d i s torted v i ew o f  t he  s pectrum o f  

fung a l  s pec i es compared w i th  fung i n atura l l y  present ( Be l l e t  �. , 

1 967 ) .  
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The A .  f l av u s  stra i n s i so l ated were screened for tox i n p roduct i on 

on  coco nut  agar wh i ch i s  a proven , easy- to-use  and succes sf u l  med i um 

for the  i de nt i f i c at i on of tox i ge n i c s t ra i n s ( L i n and D i anese ,  1 976 ) .  
The next  s tage was  an  attempt to  c u l t ure a l l the  coconut agar-pos i t i ve 

stra i n s on s ter i l i sed bar l ey a l ong wi th  a se l ect i on of the  negat i ve 

s tra i n s .  I n  th i s  way i t  cou l d  be  d etermi ned whether a l l t ox i ge n i c  

stra i ns i n  coc o n u t  agar were a l so tox i ge n i c  on  b ar l ey and whether any 

of the  non-tox i ge n i c  i so l ates on coco n u t  agar mi ght be pos i t i ve o n  

b ar l ey .  I t  wa s  shown th at the  resu l t s o n  bar l ey were i de n t i ca l  to  

those  on  coco n u t  agar ( see Chapter 5 )  and we  can  therefore co nc l ude  

that  toxi ge n i c � f l av u s  i s ol ates were amongst  the  fu ng i  i s o l ated from 

b ar l ey ,  and bar l ey cou l d be  a poten t i a l  s u b strate for af l atox i n prod u ­

ct i on under s u i tab l e  cond i t i on s .  Coco nut  agar • s  ease of  u s e  as 

compared wi th s ter i l i sed b ar l ey and the i dent i ca l  res u l t s  obt a i ned 

j us t i f i es i t s u s e  for s uc h  screen i ng  tes ts . 

The resu l t s i n  Tab l e  5 -2  show t h a t  3% to 25% of the  i so l a tes of  

A .  f l avus  were tox i ge n i c  i n  fres h l y- h arvested and  i n  stored gra i n .  

A l t hough  l ow ,  t hese  resu l t s are of concern and afl atox i n contami nat i on 

cannot  be ru l ed o ut  as a probl em i n  New Zea l and . 

Even  l ow n umbers of t ox i gen i c  s tra i n s i n  s tored gra i n co u l d l ead 

t o  s evere con t ami n at i on shou l d storage  cond i t i on s  become cond uc i ve to 

A.  f l avus  growth and afl atox i n  prod uct i on .  Stud i e s have shown t h at A .  

f l av u s  req u i res  a mi n i mum temperature of  1 5°C and a n  average water 

act i v i ty ( A ) of 0 . 95 before growth occurs  on  b ar l ey ( N i l es et a l . ,  w - -
1 985 ) ,  wh i l st C h ang and Mark ak i s  ( 1 98 1 , 1 982 ) found t h at a temperature 

h i g h er than 1 3 . 5°C and a m i n i mum mo i s t ure content of 1 6 . 5% are neces­

s ary for af l atox i n product i on on  b ar l ey .  A .  f l avus  i s  a typ i ca l  

member of t he  As perg i l l i  i n  that  even e ar l y  myce l i a l  growth produces a 

l arge n umber o f  s p ores wh i ch cou l d  be  e as i l y  d i s persed { Moreau , 1 979 ) . 

W i t h  the  o n set  of growth of  any t ox i ge n i c  stra i n i n  a l oc a l i s ed area 

of  t h e  gra i n b u l k ,  l eve l s of mo i st ure and temperature i nv ar i a b l y  r i se 

and these r i s e s  coup l ed w i th  the  l arge s pore n umbers l ead t o  acce l ­

erated growth wh i c h resu l t s  i n  i nc reased  af l atox i n  produc t i on ( C h ang  

a nd Markak i s ,  1 982 ,  c i ted by N i l es et �. , 1 985 ) . 

W i th i n  New  Zea l and  t ox i ge n i c � f l avu s  are present  i n  

env i ronmenta l  s ources to  wh i ch gra i n s  are exposed , as shown by t he i r  
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i s o l a t i on from New Zea l and so i l s  by H u s s e i n ( 1 983 ) and by t h e i r 

presence i n  gra i n  a t  harvest i n  the present stud i es .  U nder favo urab l e  

eco l o g i ca l  and  c l i m at i c  cond i t i on s ,  there  i s  therefore the  poss i b i l i ty 
of  contami n at i on by tox i ge n i c � f l av us  i n  the f i e l d ,  wh i ch may serve 

a s  an  i nocu l um for af l atox i n format i on d u r i ng storage . These 

cond i t i ons co u l d a l s o  produce q u ant i t i es of tox i gen i c  � f l avus  

propag u l es p art i cu l ar l y  i n  the form of sc l erot i a wh i ch co u l d rema i n  i n  

t he  env i ronme n t  and contam i nate future c rops ( W i c k l ow et �. , 1 982 , 

1 984 ) .  

G i ven t he  wi de v a r i ety of fung i as soc i ated wi th  b ar l ey ( s ee 

C h apter 3 ) , i t  i s  not d i ffi c u l t t o  e nv i s age  that some tox i ge n i c  

s tr a i n s  were present i n  the s amp l es ex ami ned . I f  the  g r a i n was 
s u bj ected to  u nfavourab l e  cond i t i on s  even for a short per i od e i ther i n  

t he  f i e l d ,  d u r i ng h arvest i ng or d u r i ng  storage , these  tox i ge n i c 
s tra i ns wou l d h ave t he  o pportu n i ty t o  grow and synthes ize tox i ns  i n  

t he  s ubstrate . 

I t  s hou l d be  n oted , however , that  o n l y  one of the  s amp l es 

a n a l ysed con t a i ned toxi n s .  Th i s  part i c u l ar  s amp l e became mou l dy 

d u r i ng storage i n  a f arm s i l o  ( persona l  commun i cat i on wi th  t he  

f armer ) ,  wh i c h  s uggests  t h at mycotox i n  contami n at i on i s  most  l i k e l y  to  

occur  a s  a con seq uence of  fung a l  pro l i ferat i on d ur i ng storage of  the  

gra i n .  Two other  mou l dy s amp l es were a n a l ysed ( see Tab l e  5 -2 ) a nd as  

t hey were found  to  be tox i n-free , i t  can  be  con c l uded t h at the  obv i ous  

presence of mou l d i s  not  i n  i t se l f  a n  i nd i cat i on  that tox i n s  wi l l  be  

present .  Th i s  f i nd i ng i s  i n  agreement  wi th  the observ a t i ons  of 

severa l  other i nvest i ga tors ( J ackson  and C i eg l er ,  1 97 8 ;  Pr i or ,  1 98 1 , 

and Abramson  e t �. , 1 983 ) .  

Three d i fferent tox i ns ,  n ame l y  af l atox i n B 1 , ochratox i n A and 

c i tr i n i n ,  were found i n  the s amp l e  t h at  proved pos i t i ve ,  and t h i s  

i nd i c ated that  severa l  tox i ge n i c  s tra i ns of Aspergi l l u s and 

P en i c i l l i um were respon s i b l e .  The  most  l i k e l y  cond i t i on s  of  storage 

t h a t  th i s  p art i cu l a r  s amp l e  was s ubjected to were deduced by 
c o n s i derat i on of the growi ng  cond i t i on s  req u i red by the  presump t i ve 

producers of  t hese  tox i ns and the cond i t i ons  that wou l d h ave  prev a i l ed 

for  the prod u c t i on of  t h e  toxi n s .  Hence  at some stage , t he  gra i n was 

exposed to temperatures of at  l east  1 3 . 5°C and mi n i mum mo i sture  con-
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tent o f  1 8 . 0% for the tox i n  producers t o  grow and synthes i ze the three 

mycotox i n s present i n  the  s amp l e  ( C i eg l er ,  1 97 8 ;  Chang and Markak i s , 

1 982 ) . 

The concom i tance of th ree d i fferent tox i n s  i n  one gra i n l ot wou l d  

be  of concern s ho u l d t he  gr a i n be  consumed by an ima l s or man . The 

consumpt i on of  m i xed tox i ns  can g i ve r i se to mu l t i p l e  tox i c  effects or  

aggravated d i sease  symptoms from any synerg i st i c  effects of these  

toxi n s .  

T - 2  tox i n a n d  zeara l enone ,  two other  mycotox i ns tested for i n  t he  

present stud i es ,  were not encountered i n  any of  t he  s amp l es ,  b ut  th i s  

does not mea n  t h at they w i l l  never occur  i n  New Zea l and b ar l ey or  
o ther cerea l  gr a i n s .  The tox i gen i c  F u s ar i a ,  such as s pec i es of 

F u sar i um gram i n e arum, � c u l morum and � sporot r i c h i o i des  respons i b l e  

for t he  product i on of these  two tox i n s  req u i re very h i gh mo i sture  

content  for  growth to occur  ( M i l l s , 1 982 ; Seaman ,  1 982 ) .  Th i s  i s  more 

l i ke l y  if t he  b a r l ey crop i s  overwi ntered i n  t he  f i e l d ,  b ut  c a n  a l s o  
a r i s e  i f  rewett i ng  of gra i n occurs d u r i ng storage . I n  t he  former c ase  

t hese tox i n s  wou l d  be present i n  fres h l y-h arvested gra i n  and wou l d 

probab l y  pers i s t throughout storage . 

When a s s es s i ng the i mportance of gr a i n  contami nat i on by fung i i n  

stored bar l ey , t he  stud i es reported h ere prov i de useful  techn i q ues for 

determi n i ng t h e  l eve l s  of both i nter n a l  and external contami nat i o n .  

T h e  presence o f  spores and myce l i um ,  the i r  i dent i ty ,  l oc at i on and 

d i st r i b ut i on  were a l so determi ned and  the i r  re l evance  to  gra i n 

cond i t i on and s po i l age was ev a l u ated . Wh i l st A .  f l avus  stra i ns 

capab l e  of produc i ng afl atox i n s  were i so l ated and  i nd i rect ev i dence of 
other tox i ge n i c  spec i es found , on l y  i n  except i ona l  cases when gros s 

spo i l age  occurred d i d  t he  b ar l ey become contami nated wi th  mycotox i ns .  

The present s t u d i es h av e  s hown t h at by exami n i ng the funga l  f l ora  of 

stored gra i n s  by the descr i bed tec h n i q ues  at reg u l ar i nterv a l s ,  t he  

cond i t i on of  t he  gra i ns a nd  the l i k e l i hood of  s po i l age a nd  mycotox i n  

product i on c a n  b e  eva l u ated . 

To d a te most  of t he  stud i es o n  t he  mycofl or a  of b ar l ey h ave  taken  

p l ac e  overseas  and  have  concentrated upon  mo i st b ar l ey .  I n  New 

Zea l a nd , however , most  of the  b ar l ey i s  stored at l ow mo i st ure content 
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i n  s i l o s .  T h u s  these  s t ud i es have  made an i mportant contr i b ut i on to  

t he  k nowl edge of  t he  c h a ng i ng fung a l  f l or a  of stored dr i ed b ar l ey and  

i ts re l ev ance to  spo i l age  and  mycotox i n c ontami nat i on . 
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