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FEATURE
II I

A f l a t o x i n
New approaches to research at the SRRC;
a discussion of analytical instrumentation;
and perspectives on the recent toughening
ofpermissible levels in European imports

U.S. D e p a r t m e n t o f A g r i c u l t u r e r e s e a r c h o n m y c o t o x i n s a n d a f l a t o x i n s
c e n t e r s , to a g r e a t e x t e n ~ o n the S o u t h e r n R e g i o n a l R e s e a r c h C e n t e r in
N e w Orleans , L o u i s i a n a , Th i s r e p o r t b y S R R C s t a f f e r L o u i s e S . L e e
d e s c r i b e s t h e c u r r e n t t h r u s t o f r e s e a r c h o n tha t t o p i c a t S R R C a n d h o w
the p r o g r a m has d e v e l o p e d

A front-page report in the Feb.
23, 1989, issue of the Wa//
S t r e e t J o u r n a l rekindled

public concern over the aflatoxin
problem. The report spoke of the
po ten t i a l danger t o public hea l th
because "one of the m o s t p o t e n t
cancer-causing agen t s known t o
man is coursing into the nation's
food supply." The implication was
t h a t because "regulatory efforts t o
stop t h e spread of ta in ted gra in ,
inadequa te a t b e s t , have largely
f a i l e d . . , the nation's food supply
is in jeopardy . . . and the food
industry is left for the m o s t part
t o pol ice itself ." During A u g u s t
1989, the same publication reported
concerns a b o u t high aflatoxin con-
tent in early harvested 1989 corn
in Texas.

The problem dates back t o t h e
1960s when a large f lock of tur-
keys in England died af te r ingest-
ing p e a n u t meal t h a t had been con-
taminated with A s p e r g i l l u s p a r a -
s i t i c u s - - a fungus t h a t makes afla-
toxin. Because peanuts were impli-
ca t ed in t h e Turkey X disease, t h e
U.S. p e a n u t industry instituted a
policy to "police" i tself through a

fund set up by t h e Peanu t Admin-
is t ra t ive Committee. The policy is
still in place. The fund helps shellers
with any financial loss due t o afla-
toxin cont~mlnation. Food indus-
tries also have in terna l monitor ing
programs . Both take advantage of
t h e deep commitment by USDA
t o aflatoxin research. USDA has
had research programs devoted to
aflatoxin research for well over 20
years.

Soon af te r the problem of afla-
toxin was recognized as one t h a t
could affect domestic peanuts, the
USDA's laboratory in New Orleans
(the Southern Regional Research
Center) instituted a program on alia-
t o x i n Scientists in the small group
a t SRRC assigned t o p e a n u t re-
search were set to work on a c ra sh
program on aflatoxin. Surveys were
conducted immediately t o deter -
mine the extent of the problem in
domest ic peanuts. Resul t? Afla-
toxin B1 was f o u n d in damaged pea-
nuts from all par t s o f the Uni ted
Sta tes where peanuts were grown.
Even peanuts from the cooler par t s
o f t h e country had aflatoxin. The
problem was not j u s t one o f the

hot, humid valleys in Brazil where
the peanuts implicated in the Tur-
key X disease were grown. The cul-
prit mold was everywhere. F u n d -
ing fo r aflatoxin research increased
a t SRRC dur ing the 1960s. Scien-
t i s t s were added to t h e s ta f f and
contracts were negotiated with uni-
versities in t h e p e a n u t growing ar-
eas. The idea was conceived for a
p e a n u t laboratory in Dawson, Geor-
gia, and funds were appropriated.

A t S R R C , u n d e r Leo
Goldblatt 's leadership, Wal t e rPons
improved analytical methods. Alva
Cucullu and Louise Lee devised a
microprocedure for analyzing indi-
v idua l peanuts o r par ts of peanuts.
Use of this method to examine a
large number of individual peanuts
proved the extreme heterogeneity
o f the problem. A few highly con-
taminated peanu t s in a sample
could ra i se the toxin level of t h a t
sample above limits deemed accept-
ab le . One p e a n u t with 1,000,000
par ts per billion (ppb) o f aflatoxin
would conta in e n o u g h t o x i n t o
cause a 100 ppb assay in a sample
taken from 10 kilograms o f pea-
n u t s . Whole carloads were con-
demned because of a handful o f bad
peanuts.

p eanu t s were t h e f i r s t crop t o
be investigated, b u t evidence
soon accumulated t h a t impLi-

ca t ed cottousee(L Trou t in Oregon
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developed l iver cancers a f te r hav-
ing consumed feed t h a t contained
cottonseed meal. Since cotton was
also a crop studied a t the SRRC,
work intensified on this commod-
i ty . A n entirely new method fo r
analysis of aflatoxin in cottonseed
o r cottonseed products was devised
b y Pons. The method won him the
USDA's Super ior Service award
and is now official fo r both AOAC
a n d AOCS. Ra the r than the time-
consuming (four-day} procedure
used for the init ial survey on pea-
n u t s , analysts were able to com-
ple te assays in less t h a n three
hours. Minlco]umns were developed
for qu ick qualitative assays and in-
s t rumenta t ion was introduced t o
improve quan t i t a t ion . The densi-
tomete r is now t h e workhorse o f
aflatoxin analysis. High pressure
liquid chromatography was intro-
duced a t SRRC for aflato~in sepa-
ra t ion and quantitation. Derivati-
zat ion of the al ready highly fluo-
r e scen t aflatoxins enhanced t h a t
fluorescence and increased sen-
sitivity. Wi th b e t t e r methods for
analysis, to~in~ were found much
more often. The problem still has
no easy solution. The mold has been
ubiquitous. Field conditions in t h e
irr igated deserts of the Southwest
were conducive t o toxin formation
in c o t t o n s e e d a n d t h e d r o u g h t
stressed fields o f t h e S o u t h e a s t
made fungal invasion and toxin for-
mation in peanuts and corn a com-
mon occurrence. What was to be
done?

I
f you can' t p reven t its forma-
t ion , why not t rea t the toxin7
SRRC ini t ia ted a m a j o r re -

sea rch program on solvent extrac-
tion and chemical detoxification o f
p e a n u t or cottonseed meals . Henry
Vix, H o m e r G a r d n e r a n d Stem
Kol tun were the engineers involved~
When peanuts or cottonseed were
de-oiled, the oil was virtually toxin
free while toxin levels nearly dou-
bled in the off-free meal. Meals h a d
t o be deto~ified. The m o s t frui tful
approach to meal detox~fication was
smmoniation. Peanu t o r cottonseed
meals were t rea ted with gaseous
a m m o n i a u n d e r pressure with
heat--a procedure developed at
SRRC. The procedure required less
than an hour contact time of meal

with the ammonia vapors. Toxin
levels were reduced from 300-
1000 ppb to around 1-3 ppb. More-
over, t r ea ted meals had a nutr i t ive
va lue Almost e q u a l to t h a t of non-
treated, nonaflatoxin controls. Al-
most 20 years of research time and
money went into extensive feeding
trials conducted b y t h e cottonseed
crushing indus t ry and USDA. Test
resul t s obtained proved the efficacy
of t h e ammoniation procedure for
meals. Model studies on ,mrnonia
t rea tment of aflatoxin wi thout the
meal m a t r i xshowed t h a t the chemi-
ca l s t ruc ture was irreversibly
c h a n g e d by the t rea tment . Tests
for mutagenicity, closely associated
with carcinogenicity, ind ica ted a
450-fold reduction for the ammonia-
altered compound from t h a t of afla-
toxin B1. This g ian t research effort
b y indus t ry a n d government- -

.-:....,. : ,.

both USDA and FDA--is an ex-
ample o f real research cooperation
over many , many years. Treatment
by ammoniation is approved domes-
tically in several s t a t e s for in-state
use and is used extensively abroad.
A pet i t ion fo r f inal app rova l for
in te r s ta te use in the U.S., however,
is still u n d e r review b y the FDA.

Pract ical research in t h e 1970s
was complemented b y basic stud-
ies on how t h e fungus makes aria-
toYin--aflatoYin biosynthesis. Joan
BAnnett, currently on the faculty
at Tulane University and the presi-
dant~alect o f t h e American Society
for Microbiology, served for two
years as a postdoctoral fel low at
SRRC. Her tra ining was as a fun-

gal geneticist. She iso la ted pig-
mented mutants ofAspergillus para-
siticus; some o f t h e s e pigments
were la te r identified as aflatoxin
precursors by Lee. It is these well-
r e sea rched mutants t h a t are the
backbone of some of the cur ren t
sophisticated biological studies now
u n d e r way a t SRRC.

Yes, molecular biology and ge-
netic engineering have become im-
por t an t tools a t SRRC. Biology has
made deep in roads where tradi-
t iona l chemistry once prevai led .
Young " s u p e r s c i e n t i s t s " h a v e
taken over research on the prob-
lem of aflatoxin. They br ing their
newly developed skills and exper-
tise for a f resh approach to prob-
lem so lu t ion . Phrases s u c h as
"Southern o r Northern b lo t " o r
" g e n e library" are now common a t
SRRC.

Maren Kt lch( le~ )
and P e t e rCot ty In-
t p e c t l:~ards that
are part of experl -
merds to delefmlne
envtronmento4
tors a / l ~ n g af la-
toxin pcoduof lon In
co~on~DecL

The new researchers ask, "Why
not a l te r the fungus?" They rea-
son t h a t A . parasiticus can be ge-
neticaUy engineered to no longer
p roduce aflatoxin. How? Deepak
Bha tnaga r and Ed Cleveland are
t sk ing the approach t h a t removal
of t h e genes, o r al ter ing the genes,
t h a t make the enzymes t h a t make
t h e toxin would remove the source
o f t h e problem. Bha tnaga r has suc-
ceeded in t h e difficult isolation of
t h e enzyme responsible fo r the con-
version o f one of the aflatoxin pre-
cursors found in the late stages of
the pa thway t o aflatoxin B~. The
enzyme is a methyltransferase. His
report was t h e f i r s t to describe the
purification t o homogeneity of an
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enzyme involved in toxin synthe-
sis. This methy l t rans fe rase was
used to prepare an antibody to be
used as a probe for gene identifica-
tion. The enzyme was isolated from
one o f the mutants produced by
Bennett. Bha tnaga r also identified
O-methyl-sterigmatocystin as t h e
l a s t known precursor in t h e bio-
synthetic p a t h w a y . Yet another en-
zyme, an oxidoreductase t h a t ca t a -
lyzes the conversion o f O~methyl
sterigmatocystin to aflatoxin B~
also has been identified by these
scientists. Cleveland, research
leader for Food and Feed Safety
at S R R C , is m i d w a y toward "get-
ting out" the gene that m a k e s this
enzyme. One gene/one e n z y m e is
the rule. Thus a single gene could
control the release of this key en-
zyme. Once the gene is located, it
could be removed or the mechanism
by which the gene is responsible
for the production of the e n z y m e
could be altered. Cleveland stated
in a recent interview that this proc-
ess could take five years of re-
search. One goal of this research
is to produce large amounts of a
genetically engineered fungus--
one that will not make aflatoxin.
This innocuous fungus could then
compete with the potent toxin-
producing strains for a niche in the
environment. That environment
could be a cornfield in Illinois, a
cotton field in Arizona, or even a
peanut field in Georgia.

A
nother y o u n g S R R C scien-
tist, plant pathologist Peter
Cotty, is taking a slightly

different approach to biological con-
trol o f aflatoxin. Cot ty reasons t h a t
na tu ra l nontoxin producers could
be used in competition with fung i
that do produce aflatoxins. O n trips
to Arizona, Cotty has collected a
largenllmhero f cotton bolls contami-
n a t e d with A. flavus. Some s t r a ins
are toxin producers and some are
not. He has selected the nontoxin
producers t h a t are extremely vi ru-
l e n t - t h a t is, s t r a ins t h a t g r o w
fas t e r t h a n t h e toxinproducing
s t r a in s . His greenhouse experi-
ments with them virulent nonafla-
toxin-producers have been highly
successful. W h e n cotton bolls were
inoculated with these nontoxigenic
strains prior to or at the same time

.~ ~"?~.
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as inoculation with toxigenic
strains, aflatoxinin cottonseed was
reduced to very low levels. H e feels
that application of these aggres-
sive, nontoxigenic, biocompetitive
strains in the field could lead to a
drastic reduction in aflatoxin con-
tamination. Experiments are in pro-
gress in Arizona.

Other y o u n g S R R C scientists
propose alteration of the cotton
plant. Again, genetic engineering
is proposed--this time t o introduce
genes t h a t code for a res i s t an t t ra i t .
J ay Mellon is following u p on re-
su l t s reported by S u s a n
M c C o r m i c k during her recent post-
doctoral tour at S R R C . She deter-
mined the presence of a large m ~
lecular weight matexial~ probably
a glycoprotein, in the seedcoats of
cottonseed at a particular stage in
the seed's development. The mate-
rial does not stop fungal growth
but does inhibit synthesis of afla-
toxin. Mellon is following through
on the difficult task of purifying
the material to homogeneity so that
an antibody to it can be developed
and used as a probe. Then begins
the tedious task of finding that one
gene in cotton t h a t codes for this
c o m p o u n d . Once t h a t goal is
reached, it is entirely possible t h a t
t h e c o t t o n plan t could b e "engi-
neered" - - tha t is, made res i s t an t
with its own built-in defense mecha-
nism.

Chip Zeringue's i n t e r e s t is also
in improving t h e cotton plan t so
t h a t it will b e more res i s t an t t o
fun mtl invasion. He f o u n d t h a t a
n u m b e r o f phytoalexin~ are formod
in response t o injury and/or funga l

b k x : h e m ~ m e c h a -
h i m o( (~latoxln

-(

m .

challenge. Phytoalexins are sub-
stances of plant origin that defend
against foreign invaders. I_x)cating
the genes responsible for produc-
tion of these substances involved
in cotton defense mechanisms is a
formidable task; but, again, the new
techniques of molecular biology {fa-
miliar to the new group) m a y ac-
complish the task. In other highly
creative studies, Zeringue has dem-
onstrated fungal and toxin reduc-
tion from a new source. H e has
found volatile elicitors and gase-
ous phytoalexins involved infungaY
plant interactions. Volatile com-
pounds have been identified that
are released from d a m a g e d cotton
tissue. These compounds elicit re-
sistance chemicals in cotton tissues
remote from the site of injury. Re-
stilts could lead to the development
of procedures to enhance natural
evolution of volatile signals, or to
the development of methods to ap-
ply volatile chemicals directly to
plants in order to induce natural
resistance chemicals in other plants
"under attack" by the flmgal pest.
Other natural volatiles from cot-
ton tissues have been identified
that are directly inhibitory to fun-
gal growth and/or toxin production.
These volatiles could have tremen-
dous value in crop protection dur-
ing storage or in the field. As one
of his research goals, Zeringue has
chosen the development of plant
protection by increased phytoalex-
ins or beneficial volatiles.

Drought stress is conducive to
toxin formation in the field. In re-
cent field studies in Arizona, M a r e n
Klich found that a narrow range

JAOCS, Vot66, no. 10 (October 7289)



1401

F E A T U R E

of wate r potential in cotton a t the
time of flowering predisposes t h e
p lan t t o increased susceptibility t o
A. f lavus in seeds a t harvest. W a t e r
po ten t i a l is a measure o f p lan t
wa te r stress. Her field studies on
mode of entry of t h e flmSxm into
cotton have verified that the fun-
gus can enter through natural open-
ings such as nectaries of e i the r flow-
ers o r young bolls. Her research in
t h e c o t t o n fields of Arizona has in-
t e r e s t ed growers and made them
cognizant of the possibility o f early
season control o f the f~m~as. Breed-
ere may now try t o develop nectar-
iless varieties of cotton~ At S R R C ,
Klich is using D N A technologies
to help classify tox~genic fungL

Lee has joined t h e y o u n g ,
tougher scientists in travelling to
Arizona~ (Travel and research as-
s i s t a n c e are supported by f u n d s
from t h e Nat iona l Cottonseed Prod-
uc t s Assoc i a t i on (NCPA) with

Lynn Jones as director of research.)
Lee rela ted cur ren t field studies on
t h e position o f toxin-contAining
seed inside a cotton lock back to
t h e earl ier o b s e r v a t i o n s on t h e
heterogeneity of toxin cont~mlna-
tion in cottonseed and peanut sam-
ples where the position of the seeds
relative to each other was not
known. Not only are toxin-contain-
ing seeds distributed unevenly in
a sample of cottonseed, the distri-
bution of toxin~,.ontaining seed to
nontoxin seed in a lock is also het-
erogeneous. Seeds with toxin con-
tents well over 100,000 ppb can
exis t in a lock where adjacent seeds
have no toxin. The observation t h a t
relatively few seeds are the problem-
causers points t o the need for de-
velopment of novel means of con-
t ro l Growers can afford only a lim-
i ted number of insecticide or fungi-
cide applications to p reven t funga l
invasion; they cannot t rea t a whole

field again and again t o get rid of
j u s t a few b a d seeds. Therefore,
sophisticated and precise, innova-
t ive biotechnological solutions are
n e e d e d t h a t will a l te r the plants
so t h a t they are more 5~ngal resis-
t a n t , o r a l ta r t h e fungus so t h a t it
is not so dangerous an adversary.

In a n o t h e r research g r o u p a t
S R R C , sophisticated a n d innova-
t ive technologies now aid SRRC
engineers Bob Hron and S a m K u k
in theirdevelopment of a novel two-
step alcohol extraction of cotton-
seed flakes. Alcohol can be pro-
duced from a renewable resource
whereas solvents such as hexane
are petroleum based. K u k has
added a reverse osmosis m e m b r a n e
unit, an important part of theirtwo-
step process. Reverse osmosis is a
high pressure process in which a
membrane re ta ins low molecular
weight materials such as aflatoxin.
The goal is t o produce a meal t h a t
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is free of oil, goasypoL and afla-
toxin and h igh in nutr i t ive value.
The oil should be l ight . Hron and
Kuk are making exciting s t r ides
toward this g o a l Again, NCPA pro-
vides financial support and intense
interest.

I n ~ funding a t S R R C in
the 1960s was generously supplied
b y Congress for aflatoxin research
In te rna l f u n d s were shifted in the
late 1970s to give a boost t o bio-
logical resea rch a t SRRC. Tha t
shift in funds, with Alex Cieg]px
in charge of Food & Feed Safety,
allowed for t h e hir ing of two y o n n g

scientists (Mellon and Klich). N e w
funds came later in the mid-1980s
to add to S R R C ' s brain power (Bhat~
nagar, Cleveland and Cotty). They
were brought on board by Eivind
Lillehoj. It is these plant biochem-
ists, mycologists and plant patholc~
gists w h o are doing the different,
innovative aflatoxin research at
S R R C . All research in Food & Feed
Safety at S R R C has the solution
of the aflatoxin problem as its ulti-
mate g o a l Even t h o u g h t h e engi-
neers have a more diverse program,
aflatoxin removal is an important
segmen t o f t h a t program_

Partly because o f l a s t year 's
d r o u g h t and increased toxin levels
detected, the NCPA, t h e corn in-
dns t ry and t h e p e a n u t indus t ry are
ask ing for new f u n d s fo r USDA
research to eliminate the aflatoxin
problem They are confident t h a t
one of the many new approaches
will be successful. The young sci-
ontists a t SRRC are giv ing these
new molecular biology techniques
a rea l chance t o solve a problem
t h a t has plagued u s fo r nearly 30
years.

• . " t . . f ' . . .

""°""': C i t i ". e:. o n t a m n a o n i s s u e s ,

t e c h n o l o g y

Af la tox in made major news in U.S. agricultural circles last y e a r as
growing conditions led to outbreaks in various crops. In this report,
Douglas L Park and Henry N j a p a u of the Depar tmen t o f Nutrition and
Food Science a t the Univers i t y o f Arizona, Tucson, describe recen t
history on aflatoxin and talk about
de t ec t its presence in raw materials.

The scientific literature is replete
with reports concerning the ac tua l
o r probable occur rence o f my-
cotoxin in foods and acu te and sub-
acu t e pOisoninga of man and ani-
mals a f te r t h e ingestion o f such
foods. Aflatoxina, p o t e n t carcino-
genic and toxic metaboli tes pro-
duced b y the funga l species A s p e ~
giUus f l avus and A . parasiticus, can
contaminate animal feeds as a re-
sult of the current ly unavoidable
invasion by the molds before and
dur ing harvest, o r because o f im-
p r o p e r storage o f feeds. The need
to l imi t aflatoxin in feeds is b a s e d
on two major concerns: {a) t h e ad-
verse effects of aflatoxin-contami-
n a t e d feeds on ~nlrnal hea l th and
productivity, and (b) the presence
o f aflatoxin res idues o r t o x i c
metabolites in ~nimal tissues used
as human foods. U.S. crops m o s t
susceptible to unavoidable aria-
toxin contamination are corn, pea-
nuts and cottonsaed. Although the
overall incidence and levels are low,

m e t h o d s and instruments used to

numerous surveys of animal feeds
in the U.S. have shown t h a t spe-
cific regions consistently have high
p r e h a r v e s t aflatoxin contamina-
t iom The Southwest with cotton-
seed and the Southeast with corn
are the areas in the Uni ted Sta tes
m o s t adversely af fec ted b y aria-
toxin contamination. The 1988 corn
crop from t h e Midwest and South,
however, has shown unusually high
levels of aflatoxi~ This contami-
na t ion has highlighted the impor-
t ance o f hav ing a good program t o
moni tor aflatoxin levels in agricul-
tu ra l products and of hav ing ade-
q u a t e analy t ica l tools. Also, t h e
high aflatoxin contamination lev-
els prompted the Food and Drug
Administration {FDA) t o re-evalu-
a t e cur ren t action levels for aria-
toxins for corn. The primary goal
o f a n effective food safety moni-
tor ing program is t h e protection
of human hea l th and t h e enhance-
maut of food resources.

TABLE 1

Current Afhto~In Action Levels Estab-
lished by the Food and Drug ~'lm|n|atra-
tion ~ag/kg, ppb}
Human foods {except milk) 20.0
Milk 0.5
Animalfeeds {except cottonseed

meal) 20.0
Cottonaood meal{used for

mature beef, swine
and poultry rations) 300.0

Regulatory programa
The manner in which the FDA man-
aged risks from aflatoxin is well
documented. Current aflatoxin ac-
tion levels for h u m a n foods and ani-
mal feeds are presented in Table
1. T h r o u g h t h e y e a r s , however,
when unusually high levels of alia-
toxin occurred, t h e agency was re-
qui red to revise the action levels
previously established to minimize
aflatoxin risks associated with in-
t e r s t a t e commerce or shipment o f
aflatoxin-contamiuated products of
the new crop and preserve an ade-
q u a t e food/feed supply fo r t h a t par-
t icularyear . As a resul t of the high
levels o f aflatoxin in t h e 1988 corn
crop, FDA revised the action lev-
eis for t h a t crop and has also in-
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