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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  
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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 . 



i v  

ACKNOWLEDGEMENTS 

I wou l d  l i ke to acknow l edge the a s s i stance that was g i ven  to me 

by t h e  fol l owi ng peop l e  a nd organ i s at i ons : 

P rofes sor D . F. Bacon  and the Department of M i crob i o l ogy and 
Genet i c s ,  Massey U n i vers i ty ,  for the opportun i ty to  u ndertake  th i s  

study  a nd for f i nanc i a l s upport and fac i l i t i es ;  

D r. M. B axter , my s u perv i sor , for h i s  enco uragement  and pat i ence 

throug hout and for h i s  gu i dance  i n  the  preparat i on of th i s  the s i s ;  

The  Department of Veter i n ary Patho l ogy and Pub l i c  Hea l th for the  
u se  o f  i ts fac i l i t i es ,  and the  Department of  Sc i ent i f i c and I ndustr i a l  

Research  for the u s e  of t h e i r  scann i ng e l ectron m i croscope and 

fac i l i t i es ;  

Manawatu Farm Products , espec i a l l y  the Manager Mr. K .  Tay l or  and 

Mr. J a n  Van Ooss anen for prov i d i ng s amp l es ;  

Hodder and Tol l ey ' s Manage r ,  Mr . Bob N i c hol l s ,  and st aff for 

h e l p i ng i n  t he  col l ect i on and prov i s i on of samp l es ;  

For tec h n i ca l  he l p ,  a l l the techn i c i an s , e s pec i a l l y  Mr. Ron 

Tuc ker , Mr. D. Hopcroft , D.S.I .R.  for ass i stance wi th both Sc an n i ng 

E l ectron  M i croscopy and p hotography, and Mr. Tom L aw for p hotograph i c  

h e l p ;  

Mrs. E.J. Baxter for typ i ng so much so q u i ck l y. 

I wou l d l i ke to  t ake  th i s  opportun i ty of th ank i ng a l l those  

fr i ends  and  co l l eag ue s  who a s s i s ted and  enco uraged me th roug hou t ,  

e s pec i a l l y  Ms. L.Y. Lam , Mr. H .  H u s se i n and Mr. D.G. Brook. 

I wo u l d f i na l l y  t h ank my parents and brothers 

enco uragement and fi n an c i a l s upport. 

for the 



TABLE  OF CONTENTS 

Ab stract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i 

Acknowl ed gements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v 

L i st of  Tab l es . .  . . . .  . . .  . .  . .  . . . . . . .  . . .  . . .  . . . .  . . .  . . . . . .  . . .  . . . . . . . . .  x 

L i st of  F i gures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x i i 

L i st of  P l ates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x i i i  

PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1 .  C HAPTER 1 .  THE MYCOFLORA OF  BARLEY  AND I TS RELAT I ONSH I P  

TO SPOI LAGE OF STORED  GRA I NS - A REV I EW . . . . . . . . . . . . . . . . . . . . . . .  3 

1 . 1 .  BARLEY  PRODUCT I ON AND USAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

1 . 2 .  GRA I N  STORAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

1 . 2 . 1 . Storage Method s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
1 . 2 . 2 .  Storage systems for B ar l ey i n  New Zea l and . . . . . . . . .  7 

1 . 2 . 3 .  Storage F a i l u res and Res u l t i ng Spo i l age Prob l ems . . 7 

1 . 3 .  THE MYCOFLORA OF STORED  BARLEY  GRA I N . . . . . . . . . . . . . . . . . . . . .  8 

1 . 3 . 1 .  The Fung a l  F l ora  of Stored B ar l ey. . . . . . . . . . . . . . . . .  9 

1 . 3 . 2 .  The F ung a l  F l ora  of Fres h l y- h arvested B ar l ey . . . . . .  1 0  

1 . 3 . 3 .  The Chang i ng F u nga l F l ora Dur i ng Storage . . . . . . . . .  1 0  

1 . 3 . 3 . 1 .  Mo i st b ar l ey �ra i ns . . . . . . . . . . . . . . . . . . . . . .  1 0  

1 . 3 . 3 . 2 .  Dr i ed b ar l ey gra i ns . . . . . . . . . . . . . . . . . . . . . . 1 2  

1 . 4 .  OCCURRENCE AND LOCATI ON OF FUNG I I N  STORED BARLEY  . . . . . . .  1 4  

1 . 4 .  1 .  The Struct ure of B ar l ey Gra i ns  . . . . . . . . . . . . . . . . . . . . 1 4  

1 . 4 . 2 .  D i str i but i on o f  V ar i ous  F ung a l  Propag u l es . . . . . . . .  1 7  

1 . 4 . 3 .  Fung a l  Myce l i um i n  Husk  T i ssue  . . . . . . . . . . . . . . . . . . . .  1 8  

1 . 4 . 3 . 1 .  Ear l y  s t ud i es . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

1 . 4 . 3 . 2 .  Recent stud i es . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

2 .  CHAPTER 2 .  MYCOTOX I N  CONTAMI NATI ON OF BARLEY - A REV I EW . . . . . . .  23 

2 . 1 .  MYCOTOX I NS AND MYCOTOX I COSES . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

2 . 1 . 1 .  Mycotox i ns Contami n at i ng Cereal  Gra i n s  . . . . . . . . . . .  25  

2 . 2 . MYCOTOX I NS DETECTED IN  BARLEY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30  



2 . 2 . 1 .  E ar l y  Mycotox i co ses and Consumpt i on of Mou l dy 

Bar l ey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

2 . 2 . 1 . 1 .  Ergot i sm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
2 . 2 . 1 . 2 .  A l i mentary Tox i c  A l euk i a ( A . T . A . ) . . . . . . . 31 

2 . 2 . 2 . 3 .  Red Mo u l d D i sease . . . . . . . . . . . . . . . . . . . . . . . . 32 

2 . 2 . 1 . 4  Other s pontaneous d i seases attr i butab l e  

t o  mou l dy b ar l ey . . . . . . . . . . . . . . . . . . . . . . . . . 32 

2 . 3 . AFLATOX I NS PRESE NT IN BARLEY . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

2 . 3 . 1 .  Reports of Contami n at i on . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

2 . 3 . 2 .  Af l atox i n Format i on i n  Cereal Grai ns  . . . . . . . . . . . . . .  36 

2 . 3 . 2 . 1 .  Af l atox i n  prod ucers . . . . . . . . . . . . . . . . . . . . . .  36 

2 . 3 . 2 . 2 .  Other factors i nf l uenc i ng af l atox i n  

format i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7  

2 . 3 . 3 .  Screen i ng � f l avu s-oryz ae stra i n s for Af l atox i n  

producers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

2 . 3 . 3 . 1 .  L i q u i d  med i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 

2 . 3 . 3 . 2 .  Natura l  s ubstrates . . . . . . . . . . . . . . . . . . . . . . .  39 

2 . 3 . 3 . 3 .  Agar f l uorescence . . . . . . . . . . . . . . . . . . . . . . . .  40 

2 . 4  ASSAY METHODS FOR AFLATOX I NS AND OTHER MYCOTOX I NS I N  

CEREAL GRA I N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 

2 . 4 . 1 I ntroduct i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 

2 .  4. 2 Samp 1 i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

2 . 4 . 3  Sub- s amp l i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

2 . 4 . 4  Genera l  Method s of An a lys i s  for Af l atox i n s  . . . . . . .  44 

2 . 4 . 4 . 1  Tox i n extract i on . . . . . . . . . . . . . . . . . . . . . . . .  44 

2 . 4 . 4 . 2 P u r i f i cat i on and concentrat i on of tox i n s  45 

2 . 4 . 4 . 3 Separat i on of components . . . . . . . . . . . . . . . .  45 

2 . 4 . 4 . 4  Quant i t at i on of tox i n s  . . . . . . . . . . . . . . . . . .  46 

2 . 4 . 4 . 5 Methods of confi rmat i on . . . . . . . . . . . . . . . . .  47  

2 . 4 . 5  Mu l t i mycotox i n An a l ys i s  . . . . . . . . . . . . . . . . . . . . . . . . . .  48  

2 . 5  THE MYCOTOX I N  S I TUATI ON IN  AUSTRAL I A  AND  NEW ZEALAND 48 

CHAPTER 3. THE FUNGAL FLORA OF STORED BARLEY . . . . . . . . . . . . . . . . .  52 

3 .  1 . I NTRODUCTI ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 



3 . 2 . MATER I ALS  AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56  

3 . 2 . 1 . The  B ar l ey Samp l es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

3 . 2 . 1 . 1 . Sources of s amp l es . . . . . . . . . . . . . . . . . . . . . . . . 56 

3 . 2 . 1 . 2 .  Samp l i ng of gra i n  . . . . . . . . . . . . . . . . . . . . . . . . .  57 

3 . 2 . 1 . 3 .  Sub- s amp l i ng i n  l aboratory . . . . . . . . . . . . . . .  58 

3 . 2 . 1 . 4 .  Mo i sture  content of s amp l es .. . . . . . . . . . . . . .  6 1  

3 . 2 . 2 .  Mycof l ora o f  B ar l ey Gra i ns . . . . . . . . . . . . . . . . . . . . . . . . .  6 5  

3 . 2 . 2 . 1 . Tot a l  v i ab l e  counts . . . . . . . . . . . . . . . . . . . . . . . 65  

3 . 2 . 2 . 2 . V i ab l e  counts  i n s i de gra i n  . . . . . . . . . . . . . . . .  66  

3 . 2 . 2 . 3 . V i a b l e counts  outs i de grai n . . . . . . . . . . . . . . .  67  

3 . 2 . 2 . 4 . F ung i of b ar l ey fract i ons . . . . . . . . . . . . . . . . . 67  

3 . 2 . 2 . 5 . I dent i f i c at i on and  ma i nten ance of 

c u l t u res . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

3 . 3 . RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 

3 . 3 . 1 .  Mo i s ture Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

3 . 3 . 2 .  V i ab l e  Counts of B ar l ey Fung i . . . . . . . . . . . . . . . . . . . . . .  72  

3 . 3 . 2 . 1 .  Samp l es obta i ned at  harvest . . . . . . . . . . . . . .  7 2  

3 . 3 . 2 . 2 .  Samp l es from commerc i a l s i l os - 5 and 9 

month s '  storage . . . . . . . . . . . . . . . . . . . . . . . . . .  82 

3 . 3 . 2 . 3 . Laboratory storage samp l es - amb i ent  and 

co l d t emperatures ( 9  month s '  storage ) . . . . .  82 

3 . 3 . 3 . Fa rm- stored gra i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 

3 . 3 . 4 .  Fung i I so l ated by D i l u t i on P l at i ng . . . . . . . . . . . . . . . . . 83 

3 . 3 . 5 .  Fung i from B ar l ey T i ssues . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

3 . 3 . 5 . 1 .  Mi croscop i c  observat i ons . . . . . . . . . . . . . . . . . .  87 

3 . 3 . 5 . 2 .  Bar l ey t i s s ues cu l t ured on  P DAX . . . . . . . . . . . 91 

3 . 3 . 6 .  Ch ang i ng Leve l s of Funga l  Contami nat i on wi th  

Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 

3 . 3 . 6 . 1 . V i ab l e  cou nts . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92  

3 . 3 . 6 . 2 .  F u ng a l  genera  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93  

3 . 4 .  D I SCUSS ION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95  

3 . 4 . 1 .  Locat i on and  I d e nt i f i c at i on of Fung a l  

Propagu l es on  g ra i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 04 

3 . 4 . 2 .  Ch ang i ng Leve l s of Funga l  F l ora  Dur i ng  Storage  . . . .  1 07 

Append i x  3 - 1  F u ng i  assoc i ated wi th b ar l ey . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1  



C HAPTER 4 .  FUNGAL MYCEL I UM ASSOC IATED W I TH BARLEY GRA I N  1 1 5  

4 . 1  I NTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 6  

4 . 2  MATER IALS AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 7  

4 . 2 . 1 Scann i ng E l ectron M i croscopy ( S . E . M . ) • . . . . . . . . . . 1 1 7  

4 . 2 . 2  Obt a i n i ng Hyp h a l  Fragments  on  Membrane F i l ters . . 1 1 7  

4 . 2 . 2 . 1  Who l e gr a i n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 7  

4 . 2 . 2 . 2  Hu s k  and caryops i s  . . . . . . . . . . . . . . . . . . . . .  1 1 9  

4 . 2 . 2 . 3  M i c roscopy and cu l t ure of membrane 

f i l ters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9  

4 . 2 . 3  Separat i on of  Hyphae by M i cro-man i p u l at i on . . . . . .  1 20 

4 . 2 . 3 . 1  Source of  s upernatants . . . . . . . . . . . . . . . . .  1 20 

4 . 2 . 3 . 2  Preparat i on of agar s l abs . . . . . . . . . . . . . . 1 20 
4 . 2 . 3 . 3  M i cro-man i pu l at i on techn i q ue . . . . . . . . . . . 1 20 

4 . 2 . 3 . 4  Observat i on and i so l at i on of fung i . . . . . 1 2 1 

4 . 3  RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3 

4 . 3 . 1  Locat i on of Myce l i um and Spores Determ i ned by 
Sc ann i ng E l ectron M i cro scopy . . . . . . . . . . . . . . . . . . . .  1 23 

4 . 3 . 2  Tot a l  Counts  of Hypha l  Fr agments  . . . . . . . . . . . . . . . . 1 34 

4 . 3 . 2 . 1 Compar i sons of tota l  v i ab l e  counts  
and tota l  hypha l  un i t s  ( T . H . U . ) . . . . . . . .  1 37 

4 . 3 . 2 . 2  F u ng i i so l ated from cu l t ured membrane 

f i l ters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 37 

4 . 3 . 3  V i ab i l i ty of Hypha l  Fr agments  . . . . . . . . . . . . . . . . . . . 1 37 
4 . 3 . 3 . 1  F u n g i  from hypha l  fragments  . . . . . . . . . . . .  1 40 

4 . 4  D I SCUSS ION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 

Append i x  4- 1  Tab l e  showi ng b ar l ey sources , samp l es and 

s ubsamp l es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 48 

C HAPTER 5 .  AFLATOX I N- PRODUC I NG POTENT IAL OF Aspergi l l u s  

f l avus I SOLATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 49 

5 .  1 .  I NTRODUCT ION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 50 

5 . 2 .  MATER IALS AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53 

5 . 2 . 1 .  As perg i l l u s Stra i n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53 



5 . 2 . 2 .  Screen i ng Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53 

5 . 2 . 3 . S e l ect i on of � f l av us  I s o l ates for Screen i ng . . . . . 1 55 

5 . 2 . 3 . 1 .  C u l t u r i ng � f l avus  for tox i n s . . . . . . . . . . .  1 55 

5 . 2 . 3 . 2 . Recovery of a f l atox i ns from bar l ey 

c u l t ures . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .  1 55 

5 . 2 . 3 . 3 .  Detect i on of  af l atox i n s present  i n  

extracts  . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . • .  1 56 

5 . 3 .  R ESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 

5 . 3 . 1 .  Sc reen i ng of � f l avus  I so l ates on Cocon u t  Agar . . . 1 58 

5 . 3 . 2 .  Sc reen i ng of  Se l ected � f l avus  I so l ates on  

B ar l ey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 62 

5 . 4 .  D I SCUSS I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 7 

C HAPTER 6 MULTIMYCOTOX I N  SCREE N I NG OF  SELECTED BARLE Y  

SAMPLES  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 76 

6 . 1 .  I NTRODUCT I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177  

6 . 2 . MATER IALS AND  METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 7 

6 . 2 . 1 . Se l ect i on of  B ar l ey S amp l es . . . . . . . . . . . . . . . . . . . . . . . 177 

6 . 2 . 2 .  Samp l i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 

6 . 2 . 3 . Mu l t i mycotox i n As s ay . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 78 

6 . 2 . 4 . Extract i on and  C l eanup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 78 

6 . 2 . 4 . 1 .  Conce n tr at i o n  of  extracts . . . . . . . . . . . . . . . .  1 80 

6 . 2 . 5 . Detect i on of  Myco tox i ns i n  Extracts . . . . . . . . . . . . . . . 1 80 

6 . 2 . 5 . 1 .  Th i n  l ayer c hromatography ( T . L . C . )  . . . . . . .  180 

6 . 2 . 5 . 2 . An a l ys i s  for T-2  tox i n  . . . . . . . . . . . . . . . . . . .  181 

6 . 2 . 6 .  Add i t i on a l  and Confi rmatory Tests . . . . . . . . . . . . . . . . . 181 

6 .  3 .  R ESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 84 

6 . 4 . D I SCUSS I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 88 

C HAPTER 7 GENERAL D I SCUSS ION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 96 

REFERENCES  . • . • . • . • . • . . . . • . . . . . . . . . . • • • . . . • . . • . • . . . . . . . • • • • . . . . . . . .  2 1 2 



X 

L I ST OF TABLES 

1 - 1 : S uggested safe mo i sture contents  for storage of bar l ey 

gr a i n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

2-1 : E ar l y  mycotox i coses assoc i ated wi th cerea l s 

and  a n ima l  feed s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 7  

2 - 2 : Some mycotox i n s found i n  cereal  gra i n s  . . . . . . . . . . . . . . . . . . . . . . .  2 8  

2-3 : Some mycotox i n s present i n  b ar l ey . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 9  
2-4 : Spontaneous d i sease attr i buted to  mycotox i n s i n  mou l dy 

b ar l ey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 3  
2 -5 : N a t ura l  occurrence of af l atox i n s i n  bar l ey . . . . . . . . . . . . . . . . . . .  3 5  
2 -6 : Rep uted c ases  of  afl at o x  i c o s  i s  i n  Austra 1 i a . . . . . . . . . . . . . . . . .  50 

3 - 1 : Mo i st ure content and cond i t i ons of b ar l ey samp l es . . . . . . . . . . .  70 

3 - 2 : Average v i ab l e  counts ( co l ony- formi ng u n i ts  g- 1 ) of gra i n  
0 a t  2 5  C • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  73  

3-3 : P r i nc i p al  f u n ga l  ge nera i so l ated from gra i n samp l es o n  
0 P DAX at 2 5 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 

3-4 : P r i nc i p a l  fung a l  genera i s o l ated from gra i n samp l es on 
0 P DAX at 3 7  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

3- 5 :  P r i nc i pa l  Asperg i l l i  i so l ated from 6 sources . . . . . . . . . . . . . . . .  87 

3- 6 :  P r i nc i pa l  funga l  ge nera obt a i ned on  c u l t ur i ng gra i n  t i s s ues  
0 o n  PDAX at 2 5  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 

3- 7 :  Overa l l i nc i dence of s e l ected fu nga l  genera i n  the  b ar l ey 

s amp l es exami ned based on  i so l at i ons  from a l l tota l  count  

determi nat i ons  at 25°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90  

4 - 1 : Counts  of hypha l  u n i ts  on  membrane f i l t ers  of bar l ey gra i n s  

from 6 sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 33 

5 - 1 : P roduct i on of f l uorescence by tox i gen i c � f l avus  i s o l ates • . .  1 58 

5 - 2 : F l u orescence of � f l avus  i so l ates o n  coconut agar . . . . . . . . . . .  1 60 

5-3 : P r oduct i on of f l uorescence and p i gmentat i on on  cocon u t  

a g ar  med i um by � f l avus  i so l ates . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 1 

5-4 : Af l atox i n product i on by s e l ected � f l avus i so l ates on  

s t er i l e  b ar l ey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 62 

5-5 : Af l atoxi n product i on o n  coconut  agar and i n  ster i l e  

b ar l ey c u l t ure by se l ected A .  f l avu s  i so l ates . . . . . . . . . . . . . .  1 66 



x i  

5-6 : Tox i ge n i c � f l avus i so l ates from natura l  substrates i n  

Au s tra l i a  and New Zea l and 1 70 

5- 7 :  I so l a tes of  the � f l avus  group produc i ng afl atox i n s  i n  

v ar i ous  parts  of  the wor l d . . . . . . • . . • . . . • • . . . . . . . . . . • . . . . . . . .  1 7 1 

5-8 : S ome l aboratory screen i ng s  of  n atura l l y- occurr i ng 

A .  f l avu s  i so l ates wh i ch produce on l y af l atox i n  B 1  • . . . . . . . .  1 74 

6 - 1 : F l u orescent co l o urs of tox i n s under both short- and 

l o ng -wave U . V .  l i ght after 2 d i fferent treatments  . . . . . . . . . . .  1 83 

6-2 : Mu l t i mycotox i n screen i ng of  1 4  se l ected b ar l ey s amp l es . . . . . . .  1 85 

6-3 : Mo i st ure content requ i red for growth of se l ected 

mycotoxi n-produc i ng fung i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 1 

6 -4 : Af l atox i n ,  c i t r i n i n  and ochratox i n -produc i ng fung i • . . . . • • . . . .  1 92 



X i  i 

L I ST OF F I GURES 

1 - 1 : Struct ure of bar l ey gra i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6  

2 - 1 : D i agrammat i c  representat i on of  general  as s ay method s . . . . . . . .  42 

3 - 1 : S i mp l i f i ed s truct ure of  a b ar l ey kerne l s howi ng 

l oc at i on of  the d i st i nct areas of mycol o g i ca l  i n terest . . . . . .  55 
3-2 : Apparatus  for s ub- s amp l i ng i n  the l aboratory . . . . . . . . . . . . . . . . . .  60 

3-3 : Summary of Total Count i ng Techn i q ue  for non - s urface 

s ter i l i sed gra i n  ( n . s . s .  t ota l  counts ) and surface- ster i l i s ed 
• ( 11 • • d t 11) 6 3  gra 1 n  s . s .  1 ns 1  e cou n  s • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3-4 : Tot a l , i n ner and outer s urface counts  of grai n s  at 

h arvest  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

3-5 : Tot a l , i n ner and outer s urface co unts  of gra i ns stored 

i n  commerc i a l s i l o s  for 5 months  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 7  

3-6 : Tot a l , i n ner and outer s urface co unts  of  gra i n s  stored 

i n  commerc i a l s i l o s for 9 months  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 

3- 7 :  Tot a l , i n ner and outer s u rface counts  of grai n s  stored 

at amb i ent  temperature for 9 months . . . . . . . . . . . . . . . . . . . . . . . . . 7 9  

3-8 :  Tot a l , i n ner and outer s urface counts  of gr a i n s  st ored 

i n  co l d ( 4-5°C ) for 9 months  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 

3- 9 :  Tot a l , i n ner and outer s u rface counts  of grai n s  st ored 

on farms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

4- 1 : Tec h n i que  for obt a i n i ng hypha l  fr agments  on membr ane 

f i l ters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 8  

4-2 : M i cro-man i p u l at i on tec hn i q ue  i n  s eparat i ng hypha l  

fragments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 22 

4-3 : Comparat i ve l eve l s  of hypha l  u n i t s obta i ned from 

s upernatants  of gra i n s amp l es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 35 

4-4 : Compar i son  of v i ab l e  counts  as  obt a i n ed by the d i l u t i on 

p l at i ng tec h n i que  and t h e  counts  of hypha l  un i t s obta i n ed 

by the  membrane  f i l trat i on techn i q ue from 6 gr a i n s amp l es • . .  1 36 

4-5 : H i stogr am of  comb i ned frequenc i es i n  gra i n s amp l es of  

v a r i ou s  genera  obta i ned w i th  tot a l  counts  and on  membrane 

f i l ters  at 2 5°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 38 
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 s ources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 39 



xiii 

5-1 : P roportion of  bar l ey s amp l es from the  6 sources 

yie l ding � f l avus . . .  . . . . . . . . . . .  . . . . . . . .  . .  . .  . . . . . . . . . . . . . . 1 5 1  

5-2 : Seria l transfers of � f l avus  species  o n  barl ey gr ain s . . . . . . .  1 54 

5-3 : Recovery of afl atoxins from b ar l ey c u l t ures . . . . . . . . . . . . . . . . .  1 56 

6- 1 : Method for the extraction o f  af l atoxins ,  ochratoxin , 

ze ara l enone , sterigmatocystin , T-2 t oxin and citrinin . . . . . . .  1 79 

LIST OF PLAT£S 

3- 1 : Mo u l d -infested grain from a farm sil o 96  

4- 1 to 4-5 : 

4-6  to 4 - 9 :  

4- 1 0  & 4- 1 1 :  

Scanning e l ectron micrographs  of normal b ar l ey 

grains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Scanning e l ectron micrographs  of mo u l dy grain 
Scanning e l ectron micrographs of normal  h u s k  

s urfaces 

1 25 - 1 2 7  

. 1 28- 1 29  

1 30 

4- 1 2  t o  4 - 1 4 :  Scanning e l ectron micrographs  o f  in ner hus k  

5 - 1 : 

5-2 : 

5-3 : 

5-4 : 

6 - 1 : 

6-2 : 

6-3 : 

6-4 : 

6 - 5 : 

s urfaces 

F l u orescence in coconut  agar under U . V . l ig ht 

Thin l ayer chromatogr aphy p l ate deve l oped in 

diethyl - ether fo l l owed by c h l oroform- acetone 

T . L . C .  p l ate of afl atoxin s pots treated with 
T . F . A .  

1 3 1 - 1 32 

1 59 

1 63 

1 64 

T . L . C .  p l ate sprayed with 2 5% s u l phuric acid . . . . .  1 64 

T . E . F .  ( 60 : 3 0 : 1 0 )  dev e l oped p l ate sprayed with 
20% s u l phuric acid in meth anol  . . . . . . . . . . . . . . . . . . . 1 82 

Deve l o ped T . L . C .  p l ate viewed under U . V .  l ight 

for T-2 toxin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 82 

T . E . F . ( 60 : 3 0 : 1 0 ) deve l oped T . L . C .  p l at e · c.J•fh ,op 
s potted s amp l e  extracts ( I )  and standards • . . . . . . . 1 86 

11 

T . E . F .  ( 60 : 3 0 : 1 0 ) d ev e l oped T . L . C .  p l ate  of  

s amp l e  extracts ( I  I )  a nd  st andards . . . . . . . . . . . . . . . .  1 87 

T . E . F .  ( 60 : 3 0 : 1 0 ) deve l o ped T . L . C .  p l ates  

fo l l owed by spraying with A l C1 3 in  ethano l  

of s amp l e  extract s ( I  I )  and st andards . . . . . . . . . . . .  1 87 



1 

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 .  




