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ABSTRACT

Fungal isolates from a pecan environment of 
southern Arizona were examined for toxigenicity and the 
potential for myootoxin contamination of pecans from 
this area. Biological assay using the chick embryo was 
performed for initial toxin examination. Thin-layer 
chromatography and spectrographic analysis of the 
infrared and ultraviolet regions provided identification 
of the myeotoxins. Nine of 87 isolates from the genera 
Aspergillus, Penicillium, and Pusarium produced known 
myeotoxins. These toxins included citrinin, sterigma- 
tocystin, zearalenone, and aflatoxin B]_,

The potential for mycotoxin production upon 
the pecan substrate exists if environmental conditions 
allow for mold growth,

vii



CHAPTER 1

IHTRODTJCTIOH

Mycotoxioolbgy has recently become an area of 
significant interest and concern throughout the world*
The reasons for this are primarily loss of domestic ani
mals from ingestion of contaminated feeds, and the pos
sibility of mycotoxicosis resulting in less than optimum 
growth and reproduction of commercial livestock* The 
possible toxicity to man as a result of ingestion of con
taminated foods also is a great factor in initiating 
mycotoxin studies0

The purpose of this study was to determine the 
potential for a myco toxin problem developing from Arizona 
pecans*: The pecan industry is continuing to develop 
throughout the United States and is rapidly developing in 
southern Arizona. As pecans are. not used for animal feed, 
the importance of this study is directly related to po
tential mycotoxicosis in man* In other studies, several 
nut commodities have been examined and found potentially 
hazardous due to the presence of mycotoxins or.the poten
tial for development of the toxins in a particular product.

1



CHAPTER 2

REVIEW OF THE LITERATURE

Mycotoxins are toxic compounds produced by fungi„
A great number and variety of compounds have been placed 
in this group, and these are produced by a large, variety 
of fungi (26)» A common characteristic of the mycotoxins 
is their broad range of toxic activity toward living 
organisms, from microorganisms to plants and mammals (9,
13? i|5? 59).

The concept of toxic fungi probably began with the 
observation that ergotism was associated with the growth 
of Claviceps purpurea on cereal grains„ The poisonous - 
mushroom, Aminita, has also had a long history. However, 
the discovery that; saprophytic fungi produced toxic sub
stances which were elaborated upon their substrates is 
more recent. Hot until the conclusive evidence that Asper
gillus flavus produced a toxin within peanut meal (3,11,35, 55) 
was there any extensive, research into the problem.

Aflatoxin is the .generic name given to a related 
group of compounds initially found produced by Aspergillus 
flavus (17). Several other species have been incriminated 
as aflatoxigenic (34? 62, 72) but some of this has been 
questioned by other investigators. The aflatoxins are 
highly substituted coumarin compounds differentiated by 
' - ‘ ■" 2



- 3
their fluorescence under long-wave ultraviolet light and 
their respective Rf values using thin-layer chromatography 
[TLC ]0

Initially, aflatoxlns and Gg were
characterized (I]!}-) and given their letter designations 
from the respective blue and green fluorescence emitted 
under ultraviolet light. Aflatoxins Bg and Gg ere di-hydro 
forms of B^ and G^, respectively. Several other deriva
tives have since been isolated (18, 30, 38).

Temperature and humidity are important factors, in 
the development of aspergilli, and hence aflatoxin pro
duction. Schindler et al. (58) observed the production of 
toxin at temperatures ranging from 13 to I4.O C, with the 
lower limit requiring a long incubation time (about 6 to 
12 weeks) for the detection of toxin. The optimum temper
ature was 21}. to 26 C. This study was carried out using a 
wort medium, and the results concerning temperature range 
for toxin production agree with those of Schroeder and 
Hein (60) using natural media (cottonseed, peanuts, and 
rice)o The latter investigators found detectable afla- 
toxin at a lower temperature of 10 C. Their study also 
showed a correlation between increasing temperature, 
within the range of 20 to 35 C, and a rapid production of 
aflatoxin. Rabie and Smalley however, demonstrated that 
the optimum temperature for growth did not coincide with 
those for aflatoxin production, and that maximum



-production of aflatoxin occurred at 21}. G (^1) = Soren
son et alo (66), studied the production of aflatoxin on 
rice over a wide temperature range and observed optimum 
toxin production from 11 to 37 C0 Moisture levels are 
another consideration for prevention of Aspergillus growth 
in storage, A moisture content in equilibrium with an 
80-85$  relative humidity is essential for the growth of , 
Aspergillus flavus and other storage fungi (16).

Aflatoxins have been found in several agricultural
1

commodities, Borker et a!, (7) found some samples of the 
following food materials to contain aflatoxin; cassava, 
cocoa, coconut, corn, cottonseed meal, fish meal, peanuts 
and peanut meal, peas, potatoes, rice, sake, soy beans, 
tempeh, and wheat.

Since the discovery of aflatoxin in I960, peanuts 
have been a frequent source for aflatoxin isolation. 
Schroeder and Hein (60) suggest the peanut kernel is one 
of the most suitable substrates for producing high concen
trations of toxin. In a study involving peanuts from 
various areas of Texas, Pettit and Taber (1},6) found 3C$ of 
the samples contained aflatoxin, although only 3$ of the 
total contained more than 30 parts per billion [ppb].
The use of poorer grade peanuts in preparation of peanut 
meal as animal feed has led to the finding of high levels 
of toxin in some lots of this product. The very nature



of peanut growth in the soil brings about an inherent prob
lem with mold invasion and establishment,

Shotwell et'al, (63.) examined 531 samples of wheat, 
533 of sorgham, and 30I4. of oats from grain inspection sta
tions in three states and found nine samples, of the total 
1368, contained low levels of aflatoxin. All of these 
samples were from the poorest grades of grains. In another 
study they found that 35 of 1311 corn samples contained 
aflatoxin, while only two of 866 soybean samples were 
contaminated, .

Infection of tree nuts with aflatoxigenic molds 
has been investigated more recently, Schade et al, (56) 
found 11$  aflatoxin contamination at 1 ppb or more in 
unsorted in-shell California almonds. When examining the 
” in-process” nuts, manual sorting of the nutmeats reduced 
the incidence and levels of aflatoxin in almonds, Of the 
26 samples tested, none of the sorted kernels showed any 
sign of aflatoxin. On the other hand, 10 of 16 samples 
of hand-rejected kernels were contaminated. In another 
part of the study, processed nutmeats were surveyed. The 
different categories observed included whole almonds, 
sliced almonds, and diced almonds. Only the diced almonds 
showed a high incidence (lj.8̂ ) of aflatoxin contamination 
and this was attributed to the use of poorer grade kernels 
for the diced product.
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The Food and Drug Administration* in_ its examina

tion of tree nuts* has encountered aflatoxin contamination 
of pecans sampled in the open market0 This has led to a 
number of studies concerning this product0 In a study 
carried out by Escher et al0 (22) on pecans in Georgia,
I4.8 samples of 7£>g ground pecans were analyzed for alfa- 
toxin® Detectable toxin (more than 8 ppb) was found in 
three of the samples which belonged to two categories of 
pecan quality, sound and #1 blow-out nuts (nuts with 
unfavorably developed kernels)® Pecan halves were also 
inspected for visible mold growth® Mycelia were found on 
9 of 50 sound-gra.de pecan halves, while the #1 blow-out 
pecans had a considerably higher incidence, 23 of $0 nuts 
contained mycelia® Those nuts found with mold development 
were analyzed for aflatoxin, but only one nut contained a 
detectable level (3-4-3 ppb aflatoxin B]_)® The investigators 
concluded that significant separation of nuts containing 
aflatoxin or spores of the A® flavus group is not possible, 
and about 2-4$ of sound grade pecans entering the shelling 
operation yield A. f1avus or A® parasiticus®

Packaged pecans and pecans used in the production 
of commercial bakery products were analyzed for aflatoxi- 
genic isolates of the A® flavus group in another study 
(36) 0 Of 120 isolates, 85 were aflatoxigenic when grown 
bn yeast-extraet sucrose medium® The majority of



aflatoxigenic strains (£8%) produced the aflatoxin 
metabolite, ■while all others produced all four B and G- 
metabolites. Both aflatoxigenic and non-aflatoxigenic 
isolates were inoculated onto autoclaved pecans to determine 
whether aflatoxin could be produced, this procedure was 
employed as a measure of the hazards of using contaminated 
pecans in bakery'products. All isolates giving positive 
TLG results for aflafoxin on yeast-extract sucrose medium 
were also positive on pecans. The negative isolates from 
YES medium remained negative on the pecan substrate.

Other investigators have also isolated molds of the 
A. flavus group from pecans. An aflatoxigenic strain of A. 
parasiticus was isolated from in-shell pecans by Schindler 
et al. (57) o. Huang and Hanlin ,(31) found fungi of the A. 
flavus group the dominant species isolated from freshly 
harvested and in-market pecans.

Many toxicity studies have been,performed with 
aflatoxin since its discovery. In general, investigators- 
have found two disease conditions in animals suffering 
from aflatoxicosis: (a) an acute toxicity, primarily
involving .hemorrhage in the intestinal tract, and (b) a 
chronic condition where liver carcinoma is manifested.
Many feel aflatoxin is the most active hepatocarcinogen 
known (10). The day-old duckling seems to be the most 
sensitive to aflatoxin with oral 7-day LD^q values being



reported as: aflatoxin 18 85 ug| G-̂ , 39' p-gi and
G25 172.̂  P-g? a.11 values were reported on a 50g body weight 
basiso This finding led to the, use of the duckling in a 
test system for biological assay of aflatoxin (2)0

Several other mycotoxins.are produced by a variety 
of fungi referred to as "field fungi" and "storage fungi®" 
The genera most often implicated as toxigenic contaminants 
are Fusarium, Penicillium, and Aspergillus® Many of the 
toxins produced by these organisms are carcinogenic, but 
with much less potency than the aflatoxins (37, 50).

With the observation that A0 flavus elaborated 
toxins when grown on various, substrates, other aspergilli 
came under suspicion®

Ochratoxin was discovered by van der Merwe et alc 
(70) as a mycotoxin produced by.Aspergillus ochraceous® 
This species is a common storage mold which will develop 
at relatively low moisture levels (15)® Christensen ob
served invasion of wheat by A® ochraceous when stored at • 
20-25 C with a moisture content of 15^ (Hj.), about yf0 
below the, lower limit of moisture that will permit A® 
flavus to grow® He stated that A* ochraceous was commonly 
associated with the osmophilic A® glaucus group of fungi 
on grains and the mold rarely is found alone on natural 
substrates® Optimum temperature for ochratoxin production 
is similar to that of aflatoxin® However, a temperature



as low as C allows for considerable production of ochra- 
toxinj this has a direct bearing on storage of products
(28) o

Hesseltine et ala (28) exarained several strains 
of the nine species comprising the A. ochraceous group of 
fungi, for ochratoxin production. They observed this myco- 
toxin on some strains of all but two spec ies of the group0 
A* ochraceous produced much higher yields of toxin than 
any others tested*

■ Ochratoxin and A. ochraceous have been observed in 
various natural substrates (69). Doupnik and Bell (20) 
found A* ochraceous to be one of the most prevalent organ
isms isolated from moldy pecans. Toxicity studies on day- 
old chicks fed corn infested with these isolates showed 
the fungal products were highly lethal. They also ob
served that autoclaved, moist pecan meats supported ochra
toxin production. Other studies have also found this mold 
species associated with pecans (31, 5>7),

Acute toxicity of ochratoxin is manifested pri
marily in necrosis of kidney and liver tissues. These 
effects on test animals are very similar to those of 
aflatoxin but with less potency (£0), Long-term toxicity 
is still under investigation and carcinogenicity by ochra
toxin has yet to be determined,

Sterigmatocystin, another mycotoxin produced by 
the aspergilli, was initially isolated by Davies,
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Kirkaldy, and Roberts (19) from Aspergillus versicolor.
This compound has a close structural relationship to 
af latoxin. Both exhibit a bifur an structure which has not 
been encountered in any other products of natural origin. .

Lillehoj and Ciegler (37) compared biological 
activity of sterigmatocystin with that of aflatoxin. Bile 
duct hyperplasia in ducklings was a biological assay used 
to compare toxicity of sterigmatocystin with that of af la
toxin. Af latoxin was about 12f> times more effective 
than sterigmatocystin in initiating hyperplasia. Holz- 
apfel et al. (29) reported the carcionogenicity of steigma- 
tocystin in rats and found the liver to be the primary 
organ affected. Also in this study, A. nidulans, a new 
species, produced high concentrations (about Ig/kg) of 
sterigmatocystin.

Pencjllium spp are often found as the dominant 
genus of contaminants on agricultural products. Virtually 
all agricultural commodities are subject; to invasion by 
the pencillia if proper conditions prevail (16).

Mislevic and Tuite (lj-3) established three cate
gories of Penicillium spp according to their Occurrence 
in com. They listed "field Penicillium, ” "storage 
Penicillium, ” and "unassigned Penicillium" (those that 
did not predominate in any one of the other classes). As 
this indicates, a broad range of temperature and humidity 
requirements exists for this genus. These investigators
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found some species of the "storage Penicillium" to grow 
moderately well at ij. G when the moisture content of the 
c o m  was 22$ (wet weight). Therefore, storage of products 
at low temperatures may not necessarily prevent development 
of toxicity in foods and feeds. Generally, the penicillia 
from the field exhibited growth at a temperature range of 
12 to 35 0, with an optimum near 30 C, while those from 
storage had a broader but lower range of 4. to 30 C, with 
an optimum at 23 0. In the same study, a relative humidity 
of at least 80$ was necessary for development of the 
"storage Penicillium” species.

In the previously mentioned study of Huang and 
Hanlin (31), Penicillium was the dominant genus in freshly 
harvested pecans, accounting for 70$ of the ll}.77 total 
isolates. However, Penicillium spp.. accounted for only 
19$ of the isolates from market samples. Of the isolates , 
tested,.seven of the species were found toxigenic. Doupnik 
and Bell (20) found P_. funiculosum, P. citrinum, and P_. 
implicatum as common contaminants of in-shell pecans. Of 
six isolates tested by feeding corn infested with the molds 
to day-old chicks, three were lethal. Fungi were isolated 
from in-shell pecans in another study by Schindler et. al. 
(57) o Penicillium spp made up the majority of isolates, 
accounting for 78 of I63. The 15 species comprising these 
isolates were not examined for toxicity.
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Many PeniciIlium, spp have been implicated as being 

toxic in rbcent years« Brooke and White (8) listed 96 spe
cies of toxigenic fungi and 26 of these were in the genus 
Penicillium, Various species are frequently involved with 
the production of citrinin, patulin, penicillin acid, 
rubratoxin, luteoskyrin, and other minor toxic substances 
(26) o A strain of P_o viridicatum has even been found which 
produces ochratoxin (71), a toxin previously thought to be 
associated strictly with the genus Aspergillus„

Pusarium spp . are generally referred to as "field 
fungi" due to their frequent isolation from agricultural 
products prior to harvesting and storage (16). The first 
indication of Fusarium-associated toxicity in man occurred 
in the U.S.S.R. from 19li-2 to 19^7 where the consumption 
of over-wintered grains caused alimentary toxic aleukia. 
More than 10$ of the population in one district was 
affected, with many deaths resulting. The problem was 
traced to cereal grains which had become contaminated with 
molds, primarily members of the genus Fusarium.

More recently, Smalley et al. (65) found F. tri- 
cinctum one of the molds most frequently isolated from 
c o m  associated with toxicity in domestic animals in 
Wisconsin. They examined 29 isolates of F. trieincturn 
for toxicity to rats and found 22 of these caused a severe 
reaction or death. A compound from one of the mold
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isolates was crystallized, and designated as T-2 toxin by 
the investigators. Long-term feeding studies indicated 
this toxin was not carcinogenice

Another,toxic substance has also been traced to 
the genus Fuusarium from grains used as animal feed. This 
substance known as zearalenone, F-2 toxin, or estrogenic 
factor, is involved with an estrogenic syndrome in animals, 
primarily swine. This mycotoxicosis commonly causes 
infertility or abortion in swine. Eppley et al. (21), in 
a survey of corn from the midwestern states, found that 
17$ of the samples contained zearalenone. Contamination 
occurred in a random distribution of samples regardless of 
TJ. S. grade or intended use. Caldwell et al. (12) examined 
113 Fusarium isolates for their ability to produce zear
alenone. Of the seven species studied, only F. roseum and 
P. trie in turn produced the toxin. However, 3I4. of 70 iso
lates comprising these two.species were positive for 
zearalenone production.

The optimum temperature for toxin production of 
Fusarium is much- lower, than that for optimum growth of the 
mold (39). Ho toxin is found after about two weeks at 25 
C, but subsequent storage at 10-15 C allows for zearalenone 
production.

Fusaria require higher moisture levels (22-25^.wet 
weight) than the storage fungi and thus may invade crops



in the field. The combination of high moisture and low 
temperature has led to a high incidence of Fusarium 
infestation and. toxicosis of over-wintered grain (32)e

The incidence of Fusarium spp. in pecans has not 
been examined fully, but two separate studies (31, 5?) 
indicate this genus is a common contaminant of freshly 
harvested pecans. As the nuts are stored the incidence 
of Fusarium decreases,



CHAPTER 3

MATERIALS AND METHODS

Sample Locations 
A0 A large commercial grower in the vicinity of 

Tucson, Arizona,
Station 1, The northwest section of the pecan 

groveo Fertilization with bovine manure occurred in this 
area, along with frequent standing water.

Station 2, The center section of the pecan grove, 
Manure was applied at this location and standing water was 
not observed.

Station 3« A section of the pecan grove which is 
adjacent to farm buildings and airplane strip. Manure 
application was not observed in this area. Standing water 
was occasionally present at sampling dates.

Manure was applied as fertilizer in August of 1974 
at the locations mentioned above,

B, University of Arizona Poultry Farm, Tucson, Arizona, 
Station 1, The southwest area of pecan trees. The 

soil was fertilized with bovine manure, No standing water 
was found at this location.

Station 2, The north area of pecan trees, located 
within the chicken pen section of the farm. This area was

15
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not fertilized by other than poultry droppings„ Standing 
water was not observed*

Station 3» An open, grassy area of the farm between 
sections of chicken pens. The soil was not fertilized and 
standing water was not found at this site.

Sampling Procedures 
Samples were collected every four weeks from the ; 

end of August to harvesting in late November, 197^. Samples 
taken from each location included soil, air, leaves, and 
pecans.

Approximately 50-100 g of surface soil was taken 
from each station, using a sterile spoon, and placed in 
sterile whirl-pak bags for transport to the laboratory,
A sterile Waring blendor micro-cup was used to disperse 2 
g of soil with 18 ml of sterile, phosphate buffered water 
and this blended for 30 sec.

Air sampling was carried out using gravity sedi
mentation on potato dextrose agar (PDA, Difco) plates 
acidified to pH 3.5° Duplicate plates were exposed to the 
atmosphere for 15 and 30 min, then brought to the labo
ratory and incubated at room temperature for at least five 
days.

Several leaves were removed from designated trees 
at each of the stations with sterile forceps, and placed 
in whirl-pak bags for transport to the laboratory.
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Approximately 2 g of leaf sample was mixed with 18 ml 
sterile, phosphate buffered water for 30 sec, in a Waring 
blender»

Pecan samples were also taken from designated 
trees at each location using sterile forceps, and placed 
in whirl-pak bags„ Pecan hulls were removed in $0 g 
quantities and placed in 5>0 ml sterile, buffered water.
This was blended for 30 sec, at high speed in a 1 qt„ 
blender cup. This same process was carried out with pecan 
nuts (in-shell), Blending the samples with this procedure 
did not macerate the nuts, but created a "washing" of the 
nut surface in order that fungal spores could be isolated 
from the menstruum,.

In all cases with the above samples, 1 ml and 0.1 
ml quantities of the suspensions were plated in acidified 
PDA. All plates were incubated at least. 5 days at room 
temperature (25-28 C).

Mold Colony Isolation and Culture
All plates were examined for mold growth after five 

days. Representative colonies, as determined by colonial 
and microscopic morphology, were placed on Ozapeks solu
tion agar (Difco) slants. Pusarium spp,. however, were 
placed on PDA slants. All isolates were placed at 5 C 
after colony growth,. for storage until examination for 
toxin production.



18
Spore suspensions of all mold isolates of the genera 

Aspergillus, PenioiIlium, and Fusarium were inoculated onto 
moist, autoelaved rice (50 g rice and 25 ml water) in 250-ml 
erlynmeyer flasks. A 1^ tergitol solution was used to pre
pare the spore suspension, of which 1 ml was added to each 
flask. Rice has been shown in several studies to be a 
suitable substrate for mycotoxin production (27, i}-2, 6if). 
Aspergillus and Penicillium cultures were incubated at room 
temperature for 7-10 days before extraction was performed. 
Fusarium cultures were treated somewhat differently, being 
placed at 10 C after 7 days at room temperature, and incu
bated at the lower temperature for 3 weeks.

Chemical Extraction of Samples
After appropriate incubation, all isolates grown 

on rice were extracted with chloroform (technical grade, 
redistilled in glass) by placing 250 ml CHCl^ in a Sorvall 
"Omni-Mixer" with the mold culture and blending for 5 min. 
at medium speed. The particulate matter was separated 
by Buchner funnel using Whatman #2 filter paper and then 
resuspended in 100 ml CHCl^ and refiltered. The entire 
filtrate was again passed through Whatman #2 filter paper 
in a glass funnel with gravity flow.

After removal of water with an anhydrous .WagSO^ 
column, the extract was collected in a 500-ml round-bottom 
flask and the solvent removed by rotary evaporation at 50 G.
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The residue was redissolved in 5 ml CHCl^o Each sasple vial 
was stored at -10 C until assay* All samples.exhibiting a 
positive toxicity with biological assay (chick-embryo) were 
further purified by a modified method of Pons et al* (i}-7)« 
The crude sample extracts were placed in 100 ml of 
acetone and washed twice with 25 ml hexane (reagent grade) 
for the removal of lipids„ The hexane layer was discarded 
and the ace tone-water layer was then washed twice with 50 
ml CHCl^o The CHCI3 then was passed through an aluminum 
oxide (activity grade II) -Ua2S0ji|_ column for adsorption 
of interfering substances and removal of trace amounts of 
water* The CHCl^ fraction was collected in a 250-ml 
round-bottom flask, and the solvent was removed by rotary 
vacuum evaporation* The residue was redissolved in 5 ml 
CHCI3 2W  placed in a vial at -10 C until examination by 
thin-layer chromatography* Also, an acid fraction was 
collected from the column by passing 0501^:90^ formic 
acid (97:3) through the alumina column following the non-" 
acid fraction* The acid fraction was collected and 
treated in similar fashion to the non-acid fraction*

Chick Embryo Assay 
A biological assay was carried out using chicken 

embryos (single comb, "White Leghorn, Shamp-288 strain) to 
determine the possible lethality of each of the culture 
extracts* The assay was performed according to the



method of Verrett, Marliac, and McLaughlin (73)° All 
samples to be tested were placed in 5 ml absolute ethanol 
after evaporating the CHClg under a stream of nitrogen. 
Preliminary studies with absolute ethanol and CHGl^ showed 
ethanol to be the preferred solvent system because of its 
minimum toxicity. Eggs were collected and stored at 1}. C 
for not more than !{. days before injection. All eggs were 
candled to determine the location of the air cell, and a 
small hole (0.^-1,0 mm. diameter) was drilled to allow 
inoculation onto the yolk sac membrane. Each of 20 eggs 
was then inoculated with $0 ul of sample. Control groups, 
consisting of 60 eggs each, included untreated eggs, eggs 
drilled but not injected, and eggs injected with pure 
solvent (50 ul EtOH),

After treatment all drilled areas were sealed with 
Collodion, a partially nitrated cellulose which formed a 
membrane over the exposed area. The eggs were placed in 
trays and incubated at 39 C,

The chick embryos were candled every 7 days until 
hatching. The non-viable embryos were removed and opened 
for examination to confirm non-vi ability and establish the 
approximate stage of development. Results were recorded 
as the number of eggs hatching on the 22nd day of incu
bation.



Thin-Layer Chromatograph?
Thin-layer chromatography plates were, prepared by 

spreading a 0.25 mm layer of silica gel (Adsorbosil-1,. 
Applied Science Laboratories, State College, Penn.) on 20 
by 10 cm glass plates and activating them at 110 C for 2 
hrs. in an oven. The plates were then placed in a des- 
sicator cabinet until use.

Samples tested.by TLG were spotted on each of two 
plates using 10 ul and 25 Ul quantities, with capillary 
pipettes. One plate was placed in toluene: ethyl acetate: 
formic acid (6:3:1) in an unlined tank, while the other 
was placed in CHCl^:95$ EtOH (95:5) in a filter paper- 
lined tank. In some cases separation was better in one 
of the two systems, and this along with the additional 
evidence for identification of a particular toxin, was the 
reason for using both solvent systems. All plates were 
developed for lj.0 min. and then examined visually under 
long-wave (360 nm) and short-wave (250 nm) ultraviolet 
light in a Chromato-Vue cabinet (Ultra Violet Products, 
Inc., San Rafael, Ca.).

The color and Ef values of fluorescent spots were 
compared with those of known mycotoxins by the procedures 
of Scott et ale (61). When a preliminary identification 
was made, the sample and the standard myco toxin with which 
it corresponded were developed on the same TLC plate.
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internal standards also were spotted in which sample and 
standard were placed,: one over the other, at the line of 
origin* If fluorescent spots from the sample appeared 
identical with those of the standard, this was considered 
presumptive evidence for the presence of a particular 
toxin and confirmatlon then was undertaken*

The presumed toxic extracts were purified prior 
to confirmation by preparative TLG0 The entire sample 
extract was spotted on a silica gel plate (0*5 mm thick
ness) in an appropriate solvent system, usually GHGl-^19^ 
Et0Ho Upon development of the plates. Strip Mix (54) 
(Applied Science Laboratories, State College, Penn,) was 
spread over the surface of silica gel and allowed to 
harden* A strip of silica gel was cut away at the loca
tion of the toxin and placed in CHCl^ to elute the pure 
mycotoxin from the silica gel* The CHCl^ was decanted 
off and evaporated using a stream of nitrogen with samples 
in a hot water bath*

Confirmation of Samples

Citrinin
This sample was developed, along with a standard, 

in ethyl acetates acetoneswater (5:5:2) in an unlined. 
Unequilibrated tank to observe and compare Rf values*
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This solvent system eliminated the streaking which occurred 
in the other solvent systems tested*

An acetate derivative was prepared from both the 
sample and a standard, by the method of Hald and Krogh 
(25?) o A 0*25 ml sample (approx* 50 ng) was dried under a 
stream of nitrogen and 100 ul pyridine-acetic anhydride 
(1:1) was added to the sample vial* The mixture was al
lowed to react .for 15 min* The sample was again dried 
under nitrogen and 0*1 ml of CHCl^ was placed in the vial* 
This same procedure was done using the known standard solu
tion of citrinin*

A TLC plate was prepared using 10 ul of the follow
ing: (a) acetylated sample, (b) unaltered sample, (c)
acetylated standard citrinin, (d) unaltered standard* The 
plate was developed in ethyl acetate:acetone:water as 
previously described*

Spectrum analysis in the infrared region also was 
used for identification* Approximately 5 mg of citrinin 
was dissolved in 0*5 ml of carbon tetrachloride and this 
injected into an IR cell. Pure CCl^ was used in a refer-: 
ence cell* A Perkin-Elmer model "Infracord" IR spectro
photometer was used to perform the analysis,

Sterigmatocystin
Confirmatory analysis was done using the method of 

Stack and.Rodricks (67)* A TLC plate spotted with the



presumptive sample and a standard solution of sterigma- 
toojstin, was developed in CEOl-̂ : 95% EtOH and sprayed with 
aluminum chloride solution (20 g A101^/100 ml EtOH) „ The 
plate was then examined visually for an alteration of 
fluorescence under long-wave TTV light*.

Acetylation of the sample was done to further 
verify the presence of sterigmatocystin* The sample and 
standard were prepared by placing 100 nl of each in sepa
rate vials and drying under a stream of nitrogen*
Pyridine-acetic anhydride was added in equivalent quanti
ties and allowed to react for 15 min* After drying, 100 
nl of CHCl^ was placed in each vial and this was used for. 
chromatographic analysis, along with the unaltered sample 
and standard* The developed plate was then examined under 
W  light*

Ultraviolet spectrophotometry also was performed 
to confirm the presence of sterigmatocystin* Samples for. 
examination were prepared by making a series of two-fold 
dilutions to obtain the proper, concentration of sample for 
spectral analysis* Methanol was used as the solvent 
system due to its lack of absorbance above 210 nm*
Cuvettes containing each dilution were placed in the 
spectrophotometer and the absorption maxima determined 
using the cuvette with the optimum concentration of sample. 
The spectum from 200 to if.00 nm was scanned using a Perkin- 
Elmer model 202 UV Spectrophotometer*



Zeapalenone -
The suspect zearalenone was examined using the 

method of Mirocha, Schauerhamer, and Pathre (Ip.). Both 
sample and a standard were spotted on a TLG plate using 
10 ul of each solution. An internal standard also was 
added by placing 5 #1 of the standard over j? ul of sample. 
The plate was developed in GRGl^i9^ EtOH. Following 
' development, 25$  was sprayed over the surface and
the plate then placed in an oven at 110 C for 5> min. The 
fluorescence was examined under UV light.

Ultraviolet spectophotometry was performed with 
this sample in the same fashion described previously.

Aflatoxin
Spray treatment using 25$ HgSOj^ was done according 

to the method of Przybylski to confirm the presence of 
aflatoxin (^8). A TLG plate was spotted with the sample, 
known aflatoxin, and an internal standard. The plate was 
sprayed with 25$  H^SO^ after development and then examined 
under UV light for.alteration of the fluorescence.

A method of Andrellos and Reid (1) was also util
ized to confirm the presence of aflatoxin. A CHGl^ solu
tion (100 ul) containing the sample was treated with three 
drops of trifluoroacetic acid for 1 min. The, solution was 
evaporated by a stream of nitrogen and residue redissolved 
in CEClg. The same procedure was done on a standard



26
aflatoxin solution for comparison, A TLG plate was then 
spotted with (a) treated sample, (b) untreated sample,
(c) treated aflatoxin standard, and (d) untreated standard* 
Fluorescence was examined under W  light after solvent 
development»

Ultraviolet' spectrophotometry provided absorption 
maxima of the sample for comparison with standard af latoxin 

Methods used were as previously described.

Identification of Mycotoxigenic 
Mold Isolates

Mold isolates of the genera Aspergillus and Penicil- 
lium were taxonomically identified to their group status 
using The Genus Aspergillus ($2) and A Manual of the Pen- 
icillia (j?3). Tri-point inoculations were made onto 
Czapek1s solution agar and malt-extract agar (53) plates 
by preparing spore suspensions of each isolate in soft 
agar (0,5$) and then placing this on the two media. The 
plates were incubated at room temperature for at least 10 
days before microscopic examination. Slide preparations 
using Ammans clear and Ammans blue solutions were made for 
final identification.

Members of the.genus Fusarium were identified using 
A Pictorial Guide to the Identification of Fusarium Species • 
(68), and The Genus Fusarium (6), Identification was based 
on the morphological characteristics of the isolates after



growth on PDA andrthrough the use. of slide cultures 
(growth of the.organism on agar blocks between a glass 
slide and coverslip). The most important characteristic 
for this identification was the conidial form of the 
specieso
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RESULTS M D  DISCUSSION

A survey of the pecan environment from the com
mercial grower, produced 87 isolates of the genera Asper
gillus, PeniciIlium, and Pusarium, Plate counts of 
Aspergillus and Penlcillium ranged from approximately 10 
to 2000 colony-forming units per gram of sample. Fusarium 
sppo showed lower numbers, approximately 10 to 100 colony- 
forming units per gram of sample. The majority of the 
aspergill! were obtained from soil and in-process pecan 
samples (Table I), Penicillium spp. predominated in the 
pecan samples, while Fusarium spp, were most often isolated 
from air samples and mature pecans in the field. There was 
little difference in numbers of isolates from the three 
sections of pecan grove sampled (Table 2). Very few mold 
isolates were obtained from immature pecans, as was also 
true of the leaf samples. Developing tree nuts possess 
protective substances that inhibit microbial establishment 
(75)o As pecans mature, they may begin splitting along 
the shell sutures, allowing invasion to the.nutmeat.

As temperature is a factor in mold establishment 
and toxin production (£8), the temperature range for each 
month of sampling was obtained in order that this could be 
considered when examining the genera of molds isolated.

28



Table 1, Mold Isolates from the Comraerical Pecan Grower

Aspergillus Penicillium Fusarium .
Sample Sample Sample

Source 1 2  3 Total 1 2 3 Total 1 2  3 Total

Soil h 0 7 11 2 1 k 7 3 3 0 6
Air 3 2 0 5 5 3 0 8 . 1 2 6 9
Leaves 0 1 0 1 0 0 0 0 0 0 0 0
Pecans— Immature 0 1 0 1 1 1 0 2 0 0 0 0

Mature* 0 2 it- 6. 0 2 3 5 0 0 7 7
Processing

Pre-processed nuts 0 2 —x-x- 2 8 0 — 8 0 0 - 0
Post-processed nuts 0 0 - 0 1 7 - . 8 0 1 - 1
Air 3 2 - 5 0 0 0 1 0 - 1

Sample Dates; Sample 1, September 6; Sample 2, October !(.; Sample 3, November 12;
Process-Line Sample 1, December 17; Process-Line Saraple 2, December 
27.

-x-Mature pecans were found even at early sample dates. These were generally of 
very poor quality and probably would not be acceptable at harvesting,

-x-x-Only two samples were obtained from processing of the nuts.



Table 20 Mold Isolates According to Location at Commercial Grower

Location 1 Location 2 Location 3 Processing*

Aspergillus 6 6 10 9

Penicillium 11 k 5 11

Fusarium 7 9 5 ij-

^Processing the pecans consisted of sorting the nuts to remove those of poor 
qualitye This was done through the month of December, after harvesting.

u>o
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The temperature ranges for the 4 months during sampling 
were: August, 22 to 35 0; September, 19 to 32 0; October,
15 to 27 C| and November, 8 to 22 C„ In examining the 
data from Table 1, a distinguishable relationship between 
sample dates and genera isolated is not apparent, Many 
more samples would have to be taken before this could be 
determined' accurately.; These temperatures would not be 
restrictive to mold development and mycotoxin production®
In November, when the pecans had reached maturity, temper
atures were conducive to aflatoxin production (60).

Only two samplings were carried out at the University 
poultry farm due to the premature loss of tree nuts before 
the third sample period. Therefore, the number of isolates 
from the three genera of concern was low (Table 3)« The 
number from the first sample date was also very low.
Several other isolates were obtained during this sampling, . 
but they were not of the genera under investigation. 
Overgrowth by "Phycomycetes" on the plating medium con
tributed to the inability to isolate other mold types from 
these sample plates.

As none of the poultry farm isolates appeared to 
be of different groups than the rperesentatives from the 
commercial grower, after macroscopic and microscopic 
examination, these organisms were not further assayed for 
myco toxins.



Table 3» Mold Isolates Obtained from the University Station

Aspergillus Penicillium Pusarium
Sample Sample Sample

Source . 1 2  Total 1 2 Total 1 2 Total

Soil • 0 3 .3 2 5 7 0 3 3
Air 0 1 1 2 6 8 0 5 5?-
Leaves 0 1 1 0 1 1 0 1 1
Pecans— Immature 0 0 0 0 1 1 0 3 3

Mature 1 1 2 0 0, 0 0 0 0

Sample Dates: Sample 1, September 23j Sample 2, October 2ij.,

V)to
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Results from the identification of Aspergillus and 

Penicillium isolates into their respective groups are 
listed in Table I}.* along with results from the chick embryo . . 
assayo Some isolates from these genera were not tested by 
biological assay, due to their identity being the same as 
representative samples which were examined.

Mortality of embryos as the result of sample in
jections fell into essentially two groups; (a) a 75“iOO$ 
mortality, and (b) a. 2j?-5>0$ mortality. Those sample extracts 
which exhibited a mortality of 7^-100^, with the exception 
of two samples, contained a demonstrable mycotoxin of some 
type. In one case, an extract from a member of the A, , 
njger group (isolate #9), showed 100$ mortality upon the 
chick embryos, but after examination by TLC, no known myco- 
toxin was found. The second case involved a member of the 
P, oxallcum group (isolate #22), in which only 9 of 20 chicks 
hatched. Again, after TLC examination, no known myco toxin 
was found. However, the ethanol-treated control embryos 
exhibited a mortality of 37$, while the untreated controls 
also showed a high mortality (30$), The third control 
group, consisting of eggs drilled but not injected with any 
substance, showed the lowest mortality (20$),

The poor viability of the control embryos may be 
attributed, at least in part, to the time of year in which 
the assays were performed. This work was done during



Table l{.. Results of Chick Embryo Assay (£0 p,g- extract'/ 
embryo)

Mold Species # Designation # Eggs
. # Hatch 
22nd Day

Mortality

A 0 nidulans 3K 20 0 .100
A 0 nidulans 3L 20 0 100
A6 nidulans 20 20 0 100
A c flavus 28 20 3 85A, flavus 3D 20 15 . 25A,, versicolor 18 20 -t2. , 90
A, terreus 2 20 13 35A, terreus 1 20 Ik 30
Ae niger 9 20 0 100
Ac niger 12 20 12 40Po cyclopium 7 20 1 95Po citrinum 6 20 1 95Po citrinum 2B 20 ' 6 70
Po commune lo 20 10 50
Po oxalicum 23 20 11 45Pe oxalicum 22 20 9 55Po funiculosum 11 20 24 30 .
P. funiculosum 21 20 13 35P. granulatum 25 20 15 25
Controls
untreated 60 42 30
drilled (not injected) 60 48 20
Ethanol treatment 60 38 37
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simmer months in which daytime temperatures were commonly 
100-105 F, which is approximately the incubation tempera
ture for chicken enbryos* Possibly some embryos had 
started to develop before the eggs were collected and 
stored at refrigeration temperature0 Once the embryo 
began development, the low temperature (I4. C) could have 
been lethal (7l|-).

Thin-layer chromatography with the samples posi
tive by biological assay revealed four mycotoxins produced 
by the various mold isolates„ These toxins included 
citrinin, sterigmatocystin, zearalenone, and aflatoxin

Citrinin was produced by three Penicillium isolates 
designated as #6S #7.5 and #2B«, with yields of approximately 
Img/kg of rice substratee Two of these isolates were 
identified as being members of the P„ citrinum group, while 
the third was a member of the P. cyolopium group, P0 
citrinum is a common producer of citrinin, from which the 
toxin was named® 3?0 cyolopium has not been implicated in' 
the production of citrinin, although it is associated with 
the production of other minor toxins (i{.9). There is some 
question as to the species identification of this isolate 
due to an inability to classify the organism beyond its 
group status® All three Penicillium- spp • were common 
isolates in low numbers (10^ to 10^/g)®
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Cochromatography of a standard citrinin solution 

(200; % with the sample extracts, produced green-yellow
streaking on silica gel plates, from Rf 0,17 to 0eij.8 under 
long-wave W  lighte This agrees with the work of Scott, 
when developing citrinin in a TEF solvent system (61).
After development in ethyl acetate: acetone;water, the 
sample and standard both showed an Rf of 0.^0.

Esterification of citrinin with acetate, for 
chemical confirmation of the sample, produced an altered 
fluorescence, from a green-yellow to blue. This also oc
curred with the acetate derivative of standard citrinin.
The Rf values of both the esterified sample and standard 
were O.I4.O, while the nones ter if ied sample and standard 
solutions had an Rf value of in ethyl acetate:
acetone;vrater (5:f>:2) „ Haid and Krogh (25) obtained sim
ilar results with this method of confirmation.

Results of infrared analysis lend further evidence 
for the isolation of citrinin (Fig, 1), Major absorption 
occurred at 2935, 2870, 1690, 1650, 1625, llj.80, 1380, 1320,

••-■I'1180, and 1130 cm” with all three suspect citrinin samples, 
Kovac et al, (33) found ten characteristic frequencies for 
citrinin in the IR region. These were all found in the IR . 
spectra of this study, except that an absorption band at;
950 cm-"̂ was lacking. This frequency is characteristic 
for an -OH-bending vibration from the CO OH group of
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citirinin0 The GGl^ solvent used in the analysis possibly 
was. "masking"this absorption frequency with its own absorp
tion band, CCl^ characteristically produces an absorption 
doublet from about 1000 to 950 cm--*-, and strong absorption 
from 825 to 700 cm”***, as observed by IR examination of pure 
CCl̂ o

Sterigmatocystin was isolated from four of the 
Aspergillus isolates0 Three of these were from the A„ 
nidulans group, designated as #3K, #3L, and and one
from the A, versicolor group, designated as #l80 Approxi
mately 100-150 ppb of the toxin was produced on the rice 
substrate by these organisms« • Members of both groups are 
known to produce sterigmatocystin (37)« This compound 
exhibits a brick-red fluorescence under long-wave W  light 
and an Rf of 0e80 on TLC plates. The brick-red fluorescence 
is a distinguishing characteristic, and is not found with 
any other known mycotoxin (61).

Chemical confirmation of sterigmatocystin followed 
the methods of Stack and Rodricks (67)» AlCl^ treatment 
of developed TLC plates produced bright yellow fluorescent 
spots where the brick-red fluorescence had previously 
occurred, on both the sample and standard solutions.
Acetylation of sterigmatocystin altered both its Rf char
acteristics, and its fluorescent spectrum. The Rf value 
changed from 0.80 to 0.65 with the sample and standard.
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while the fluorescence emitted under UV light became 
blue „

Additional evidence for the presence of sterigma- 
toxystin was provided by an W  absorption spetrum, showing; 
a maximum at 32$nm) which is the characteristic absorption 
frequency for this toxin« Also, the area from 210 to 2£j?zm 
displayed absorption maxima (Fig. 2). Davies et al. (19) 
have- reported absorption maxima at 205, 233, 2I4.6 and 325nm. 
The broad band from 210 to 255:nm may be representing the 
three frequencies which are characteristic for this range.

A mold isolate (#2K), identified as Fusarium tri- 
cinctum, produced zearalenone upon the rice substrate. F. 
tricinctum was isolated in low.numbers from the field 
pecan samples (approx. 10 colony-forming units/g pecan). 
Zearalenone was initially examined using co-chromatography. 
The Rf for both the sample and standard was 0.61, and both 
standard and sample exhibited an identical blue fluores
cence. Scott, Lawrence, and van Walbeek (61) have reported 
a different Rf for zearalenone using the same developing 
solvent. . Circumstances governing the particular solvent 
system can cause variation in Rf values however (5). An 
internal standard produced only one blue spot at Rf 0.61. 
Approximately 80 ppb of zearalenone was obtained from the 
culture.

Confirmation of zearalenone followed the methods 
of Mir o oh a et al. (ip.). Spray treatment was carried out
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on TLC plates with 25$  After heating the plates in
a 110 C oven for 5 miru, long-wave UV light revealed a 
yellow fluorescence with both the standard zearalenone and 
the sample0 Upon sitting, these spots turned brown,

U V .absorption maxima for the sample were at 240, 
275* and 315>nm (Fig, 3). Mirocha et al, (kl) found char
acteristic absorption maxima for zearalenone at 236, 274; 
and 314*™.

F, tricinotum has been reported to be incapable of 
producing zearalenone by one group of investigators (40). 
However, Gal dwell et al. (12) have reported this species as 
capable of producing the toxin, F, roseum varieties are 
commonly implicated in the production of zearalenone (23), 
but none of the isolates identified as F, roseum (#1, #!K, 
#32, #2E, and #1D), produced this toxin under the condi
tions employed.

Aflatoxin B]_ was produced by one Aspergillus 
flavus group isolate (#28). This organism was isolated 
from a post-harvest pecan sampling. Another isolate (#3D), 
with an identical morphology, and identified as A, flavus, 
did not produce aflatoxin when cultured on rice. This 
strain also was not toxic to the chick embryo, while the 
strain-producing aflatoxin was associated with an 85$  
mortality of the chick embryos (Table 4)* Upon culturing 
these two organisms in other broth media (yeast extract- 
sucrose and Czapek-Dox), the #28 isolate remained positive
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for aflatoxin production, while the #3D isolate continued 
to exhibit a nonaflatoxigenic response. Variation between 
strains of the same species in ability to produce myco- 
toxins has been observed previously (27).

A. flavus was found only in the „two samples men
tioned aboveo This species conceivably would be isolated 
more frequently as storage time continued, due to the 
ability to competeumder a lower relative humidity (80-8^%), 
which might be encountered during storage in the shell (16)„ 

Preliminary co-chromatography resulted in a blue 
fluorescence being exhibited by af latoxin Bq, and the un
known sample (#23) suspected of being aflatoxin, Rf. values 
with TLC, after development in CHCI3, EtOH <> were
both 0„57o In TEF developing solvent, both sample and 
standard had the same Rf value of 0 = 33= The internal 
standard on these plates indicated an identical migration 
of aflatoxin Bq with the unknown sample.

Spray treatment of the plates with 25% B^SO^ caused 
an alteration of spots, from a blue fluorescence to bright 
green, as expected with aflatoxin B^. This is a character
istic test performed for rapid confirmation of af latoxin, 
as established by the Food and Drug Administration for the 
analysis' of foods for a^latoxin (48)»

Trifluoroacetic acid treatment of standard afla
toxin B^ and the sample altered their chromatographic



, Hb
behavior to an Rf of 0,23, Both untreated sample and 
standard aflatoxin remained at Rf 0o57« The fluorescence 
spectrum was not altered by trifluoroacetic acid treatment. 
These results are characteristic for this method of con
firmation, developed by Andrellos and Reid (1), and used 
by the United States Food and Drug Administration, as ..a., 
method of confirmation for aflatoxin ,

Ultraviolet spectrophotometry of the suspect afla
toxin sample yielded absorption maxmima at 223, 26j>, 2935 
and 3631m  (Fig. 1|.). Aflatoxin characteristically 
exhibits its strongest absorbance at 3631%%, Therefore, 
this is the usual wave-length to observe when using the 
UV spetrum for identification of aflatoxin B^,

Only one of the aflatoxin metabolites, aflatoxin 
B]_, was found in this study. One or more of the metabo
lites may be produced, depending on a number of factors 
including the strain of mold, and the substrate utilized. 
The B]_ metabolite is always present when aflatoxin is 
found, and it is usually present in the greatest concen
tration of all aflatoxin metabolites (24). A yield of 
approximately $0 ppb of aflatoxin B^ was obtained using 
the rice substrate. This is a relatively low level, and 
is not indicative of the potential for production on 
other substrates.
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The previous results indicate the presence of 

potentially mycotoxigenic fungi in the pecan environment 
of southern Arizona,, The toxigenic species isolated have 
all been implicated in mycotoxin production under natural 
conditions from various agricultural commodities and in 
the laboratory by other investigatorse

Members of the genus Penicillium were dominant 
isolates in this study, Huang and Hanlin (31) also found 
Penicillium as the dominant genus in their examination of 
freshly harvested pecans. Mold contamination upon the 
pecan shell increased with maturation of the tree nut.
The hull enveloping the pecan shell splits away during 
maturation, thereby exposing the shell to the external 
environment. The sutures in the shell may also split, 
allowing mold contaminants to develop upon the nut meat, 
Beuchat : (4.), in a study on mold isolates from Georgia 
pecans, found the nut meat highly contaminated with molds 
while on the tree,

A study carried out by Schindler et al, (57)s 
concerning fungi of in-shelT pecans, also listed Pencil- 
lium spp as the most prevalent molds, while Aspergillus 
spp- were next in total numbers. The isolates found by 
these investigators included Jp, cyclopium, P, citrinum, 
and A, versicolor. These toxigenic isolates were also 
found in southern Arizona pecans, Sterigmatocystin was



produced by all but one of the seven A„ versicolor isolates 
in Schindler1 s study. This is the only other study found, 
in a survey of the literature in which a toxigenic mold 
isolate from pecans was shown to produce sterigmatocystin, 

Doupnik and Bell (20) isolated P. citrinum from 
moldy pecans5, and found a toxic effect upon day-old chicks 
fed c o m  infested with this species,

Escher, Koeller, and Ayres (22), in an investiga
tion of marketable pecans, reported that only 3 of ij.8 
samples contained detectable levels of aflatoxin (more than

f  ' -

8 ppb,), They also determined that about 2 to 1}$ of sound 
grade pecans entering the shelling operation will yield 
fungi of the A, fOavus group. Approximately 75> in-she 11 
pecans of sound grade from the southern Arizona grower were 
examined, and only one A, flavus group mold (#28) was 
isolated. This agrees with the 2 to 1$ estimation of 
Escher et al, (22),

All mycotoxigenic species were isolated in rela
tively low numbers, However, if conditions allowed, 
especially during the storage of pecans, these organisms 
could increase in number and produce their respective 
mycotoxins„ Probably the most important factor is that 
of relative humidity. Although the relative humidity is 
generally low in southern Arizona (approximately $0% and 
lower), there are periods when moisture levels of pecahs
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in storage may be high enough to support mold growth, and 
hence myootoxin production. This is especially true of an 
enclosed area, such as that within a pecan shell. Transport 
of pecans outside southern Arizona, to locations which have 
a higher relative humidity, must also be considered. Mois
ture levels within the shell should be in equilibrium, with 
a relative humidity of 70-75$ /  of lower, to insure pre
vention of mold growth, and thus the absence of mycotoxin
(15).

The potential hazard to man from the pecan- 
associated fungi of this study would have to be considered 
as very slight. These organisms were found in low numbers, 
with only nine isolates positively identified as toxigenic. 
Also, the pecan substrate has so far only been shown to 
support the production of aflatoxin (20, 36). Studies 
concerning the pecan as a substrate for the production of 
other mycotoxins, have not been performed.



CHAPTER 5

COHCLUSIOH

Mycotoxigenio fungi are widespread in nature and 
were isolated from a pecan environment of southern Arizona. 
Although toxigenic isolates were relatively low in number, 
the potential for contamination of pecans by mycotoxins 
exists if environmental conditions permit mold growth and 
hence toxin production.

The significance to man of potentially mycotoxi
genic fungi and of mycotoxins in pecans and other foods 
consumed by man is not clear, but based on toxicity 
studies upon animals by mycotoxins, the presence of myco
toxins is undesirable.
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