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Certain metals added as salts to a defined basal culture medium influenced the
level of aflatoxin production by Aspergillus parasiticus in the low micrograms-
per-milliliter range of the added metal. In many cases no change or a relatively
small change in mat weight and final pH of the medium accompanied this effect.
With zinc at added levels of 0 to 10 Ag/ml in the medium, aflatoxin increased 30-
to 1,000-fold with increasing of zinc, whereas mat weight increased less
than threefold. At 25 gg of added zinc per ml, aflatoxin decreased, but mat
weight did not. At an added level of 25 ,gg or less of the metal per ml, salts of iron,
manganese, copper, cadmium, trivalent chromium, silver, and mercury partly or

completely inhibited aflatoxin production, without influencing mat weight.

Cottonseeds, peanuts, corn, and other agri-
cultural commodities important in the food and
feed industries may become contaminated with'
aflatoxins, but the basic factors that influence
aflatoxin production have not been completely
studied (4). The toxin is a metabolite of Asper-
gillus flavus and of the very closely related
species A. parasiticus.

Effects of growth media on aflatoxin produc-
tion by A. flavus have been studied mostly in
comparisons during culture on various seeds
and other natural substrates (4). More limited
work has involved defined media containing
various sources of carbon and nitrogen (3).

Mateles and Adye (10) deleted molybdenum,
boron, copper, iron, zinc and manganese, singly
and in combination, from their growth medium
and concluded that ". . . zinc is required for the
production of aflatoxin. The slightly reduced
yields obtained when iron or manganese were
deleted were due to a visible reduction of
growth, which was not observed when zinc was.
deleted." Omission of copper, molybdenum,
and boron did not reduce aflatoxin production.
Lee et al. (5) also reported that zinc was
specifically required for production of aflatoxins
by A. flavus. An approximate maximum in mat
weight was obtained with 0.4 ,ug of zinc per ml,
whereas aflatoxin increased from a low level at
this concentration to a maximum at about 2.0
jsg of zinc per ml.

Davis et al. (2) concluded, "The influence of
minerals on aflatoxin synthesis may be indirect

'Present address: U.S. Food and Drug Administration,
Washington, D.C. 20204.

through their essentiality for growth or more
directly on the process of toxin synthesis per se.
The influence of zinc and iron appeared to be
indirect, whereas that of molybdenum appeared
direct." Zinc and iron, at 0.5 to 1 ug of the
sulfate per ml, stimulated both aflatoxin pro-
duction and growth, i.e., mat weight; they also
inhibited aflatoxin production, but not growth,
at 10 ttg/ml. A minimum of 0.5 g of MgSO, per
liter appeared essential for maximum produc-
tion whereas a fifth of this amount was suffi-
cient for maximum growth.
The purpose of this work was to determine in

synthetic culture whether salts of certain metals
at low parts-per-million levels could influence
the production of aflatoxins by A. parasiticus
and, if so, whether this effect would be accom-
panied by changes in the overall growth of the
fungus as measured by mat weight or in the
finalplH of the growth medium.

MATERIALS AND METHODS
Organism. The isolate used was A. parasiticus

NRRL 2999, from the USDA Northern Regional
Research Laboratory, Peoria, Ill.
Media and culture methods. The medium for

maintenance of the fungus in test tubes contained the
major mineral salts listed immediately below plus:
glucose, 5 g/liter; peptone, 1 g/liter; yeast extract, 0.25
g/liter; and agar, 20 g/liter. The major components of
the basal experimental medium were: glycerol, 20
g/liter; NH4NOa, 1 g/liter; KH2PO4, 0.9 g/liter;
KHPO,, 0.7 g/liter; and MgSO4.7 HO0, 0.75 g/liter.
The trace element composition of the basal me-

dium was as indicated in the tables (see Tables 1-4).
To make stock solutions of the standard trace metal
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salts, we dissolved FeSO4 .7HO, CuSO, .5HO,
MnSO. and Ca(NO)2-4H20 in water. Zinc glycero-
phosphate was used to avoid zinc precipitation. Thus,
90 mg of this salt was dissolved in a minimum amount
of glacial acetic acid and water, the solution was
adjusted to pH 5.2, and the volume was made up to 25
ml. One ml of the zinc glycerophosphate solution in 1
liter of basal medium provided a final concentration
of 1 Ag of zinc per ml. Cadmium, chromium, silver,
cobalt, nickel, lead, and aluminum were added as
nitrates, mercury as mercuric chloride, and ru-
thenium as the chloride. The complete salt medium
was adjusted to pH 5.2 with glacial acetic acid. All
water was passed through an ion-exchange column.

Thirty milliliters of medium was dispensed into
each of several 250-ml flasks. The flasks, previously
acid washed, were stoppered with cotton plugs and
autoclaved 15 min at 15 lb. of steam pressure. After
cooling, they were inoculated by needle with spores of
the fungus and incubated at 30 C without shaking for
time periods as specified in table headings (see Tables
1-4). The treatments were replicated six times in
individual flasks, except that Cr3+ and Ag+ treat-
ments were replicated five times.

Assays. After incubation, the final pH of the
filtrate was measured, and the culture fluid was
filtered through Whatman no. 1 paper. The mycelial
mats were washed with 4 ml of distilled water, and
the wash water was combined with the filtrate. The
mycelial mats were dried for 3 days at 40 C and
weighed. Aflatoxin analyses were performed on both
filtrates and mats.
A 25-ml portion of the pooled filtrates was ex-

tracted with 20 ml of CHCl, for 30 min in a 50-ml
glass-stoppered centrifuge tube. Then it was cen-
trifuged for 10 min at 2,000 rpm, and the aqueous
phase was removed. The CHCl, phase was passed
through a column of anhydrous sodium sulfate, and
the column was rinsed with an additional 20 ml of
CHCl. The chloroform extracts were evaporated to
dryness, and the residues were saved for thin-layer
chromatography (TLC).
The combined mycelial mats from each treatment

were placed into a blender cup and blended for 5 min
at full speed with 50 ml of acetone-water (70:30). A
10-ml portion was transferred to a 50-ml glass-stop-
pered centrifuge tube, and 2 ml of lead acetate plus 14
ml of water was added to the tube. The precipitate
that formed was sedimented by centrifugation for 10
min at 2,000 rpm. The supernatant was extracted
with 20 ml of CHCl,, phase separation was aided by
centrifugation, and the aqueous phase was discarded.
Then the CHCl, phase was extracted with 2 ml of 0.1
N NaOH, shaking for 1 min. The sodium hydroxide
was removed after centrifugation, and the CHCl,
phase was passed through a column of anhydrous
sodium sulfate. The column was rinsed with 20 ml of
CHCl,, the combined CHCl3 effluents were evapo-
rated to dryness, and the residue was saved for TLC.
The residues were dissolved in 200 ml of CHCl,,

and aliquots were applied to silica gel-prepared TLC
plates (Schleicher and Schuell no. 1500). The plates
were developed in unlined, unequilibrated tanks with
150 ml of acetone-chloroform (1:9). Developing time
was about 45 min for a solvent movement of 12 cm.

Quantitation was by comparison with reference stan-
dards of aflatoxins on the same TLC plate. Aflatoxin
production was calculated as follows:

Nanograms per flask =

Nanograms aflatoxin in medium
(= total milliliters of medium x ng/ml)

number of replicates

Nanograms aflatoxin in mats

+ (= total wet weight in grams x ng/ml
number of replicates

A test showed that the trace elements used in the
culture flasks did not interfere with aflatoxin analy-
ses. To each of a series of test tubes, a 10-ml sample of
control medium with 240 ng of aflatoxin B1 per ml was
transferred. Then each tube was spiked with a trace
element at a concentration of 5 tig/ml. The trace
elements used were iron, copper, zinc, manganese,
cadmium, cobalt, lead, mercury, aluminum, and
nickel. After extraction of the aflatoxin as described
above, 10-ul amounts from each tube were spotted on
TLC plates next to 10-Al aliquots of extract from the
control medium with aflatoxin and no added trace
elements. The plates were developed as described
above. The intensities of the fluorescent spots from
the control medium extract could not be distin-
guished from those from the spiked media extracts.

RESULTS
Table 1 shows results with progressive addi-

tions of zinc, manganese, iron, and copper salts
to the basal medium with a constant level of
each of the remaining elements tested.
At a zero-added level of zinc (Table 1),

aflatoxin production was very low, mat weight
was low, and final pH of the medium was low.
At zinc levels of 1 to 25 jg/ml, aflatoxin
production was much higher, with a moderate
depression at 25 yg/ml, whereas both mat
weight and final pH were higher and nearly
constant. The fact that at the 1 gg/ml level of
added zinc the aflatoxin production was in-
creased to about 1,000 times that with no zinc
whereas mat weight was increased only 2.5
times suggests, in accord with previous re-
ports (5, 6, 10), that zinc has a stimulating
influence on aflatoxin production apart from its
essentiality for overall growth. The ratio of
aflatoxins in the mat to aflatoxins in the me-
dium is not recorded here, because it did not
vary consistently in this or other experiments.
Thus, we used only the mat-plus-medium sum-
mation figures in all tables. In general, aflatoxin
B1 > G1 > B2 > G2 throughout all zinc
concentrations, a relationship also seen in later
experiments with most other trace elements.
With added manganese from 0 to 25 gg/ml

(Table 1), aflatoxin production increased to its
highest level at the 5 and 10 tg/ml levels and
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TABLE 1. Effect of addition of salts of zinc, manganese, iron, and copper to a basal medium on the production of
aflatoxins, mat dry weight, and finalpH of.nedium after 7-day incubation with A. parasiticus 2999

Trace Add Levels of
metals in Add added Afaois (Atg) Mat FinalExpt bsl trace traceiWbsl metal metal B B, G G Ttl (mg) pH
medium a B B2 G, G.Total(\g/ml)

1A Fe, Cu, Mn, Zn2+ 0.0 0.04 0.005 ND ND 0.04 96 3.0
Ca 1.0 46.7 0.38 7.6 0.003 54.7 236 7.0

5.0 46.7 0.24 10.8 0.04 57.8 241 7.0
10.0 37.1 0.24 33.6 0.10 71.0 248 7.0
25.0 25.1 0.04 4.6 0.003 29.7 252 7.0

2 Fe, Cu, Zn, Mn2+ 0.0 2.1 0.03 0.21 0.003 2.3 249 6.5
Ca 1.0 4.2 0.07 0.15 0.003 4.4 241 6.7

5.0 13.1 0.27 0.41 0.005 13.8 244 6.7
10.0 11.5 0.30 0.74 0.005 12.5 247 6.6
25.0 7.4 0.20 0.35 0.003 8.0 251 6.6

3 Zn, Cu, Mn Fe'+ 0.0 19.3 1.7 2.9 0.02 23.9 167 4.5
Ca 1.0 21.1 1.0 2.0 0.02 24.1 239 6.9

5.0 12.2 0.36 1.6 0.02 14.2 237 6.9
10.0 10.5 0.36 1.6 0.02 12.5 242 7.0
25.0 1.9 0.03 0.2 0.003 2.1 241 7.1

4 Fe, Mn, Zn, CU2+ 0.0 24.6 0.24 1.7 0.01 26.6 223 6.5
Ca 1.0 13.8 0.11 0.85 0.01 14.8 224 6.6

5.0 0.14 ND ND ND 0.14 215 6.7
10.0 ND ND ND ND ND 210 6.7
25.0 ND ND ND ND ND 219 6.8

a Ca at 10 Ag/ml; all others at 1 tg/ml.
8 Aflatoxin per flask; ND, not detected.

then decreased somewhat again at 25 gg/ml
whereas mat weight and final pH were essen-
tially constant throughout. Manganese present
as an impurity in the basal medium was obvi-
ously adequate for growth.
With iron at a zero-added level (Table 1),

aflatoxin production was relatively high, mat
weight was somewhat lower than at higher iron
concentrations, and the final pH was 4.5. With
iron in the range of 1 to 25 ,g/ml, aflatoxin
production decreased progressively with in-
creasing iron concentration while mat weight
was constant around 240 mg and final pH was
nearly constant around 7.0.
At all levels of added copper from 1 to 25

ug/ml (Table 1), a depression of aflatoxin pro-
duction occurred, even though mat weights and
the final pH were unaffected. Thus, zinc, man-
ganese, iron, and copper all depressed aflatoxin
production at 25 gg/ml or at some ower level,
but copper depressed it most.
The aflatoxin-producing response of A.

parasiticus to zinc (Table 1, experiment 1A)
was verified in two similar experiments (Table
2, experiments 1B and 1C). In them, the zinc-

aflatoxin relation was much like that in experi-
ment 1A; the response of the fungus to succes-
sive increments of zinc in the levels of 0 to 10
ug/ml was much greater in aflatoxin production
than in growth, and the optimum zinc concen-
tration for aflatoxin production was higher than
that for growth. In the three experiments, zinc
caused 30- to 1,000-fold increases in aflatoxin
levels with increases of less than threefold
in growth. The decrease in level of aflatoxin be-
tween 7 and 14 days (Table 2), was in accord
with the literature (1, 4).
An extra confirmatory experiment on effects

of zinc was run with half-strength amounts of
each of four major salts as the only deviation
from experiment 1A (Table 1). In this experi-
ment, the total aflatoxin produced in micro-
grams at 0, 1, 5, 10, and 25 jg of zinc per ml was
0.47, 30.5, 126.2, 155.6, and 23.5 with mat
weights of 100, 221, 223, 211, and 208 mg, and
final pH values of 3.1, 2.8, 3.0, 3.4, and 6.0,
respectively. These results, although marked by
low pH, continued to indicate that zinc stimu-
lates aflatoxin production more than mat
weight. That is, between 0 and 5 Ag of zinc per
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ml, the total aflatoxins increased about 268-
fold, whereas mat weight only about doubled.
As in the experiments reported above, the level
of zinc for maximum aflatoxin production was
higher than that for maximum growth. The
maximum aflatoxin level was at 10 jg of zinc
per ml.
Cadmium at all levels added from 1 to 25

tig/ml depressed production of aflatoxin greatly,
but without influencing mat weight or final pH
(Table 3). Thus, its effects were similar quanti-
tatively to those of copper.

Trivalent chromium-depressed aflatoxin pro-

duction at metal levels of 1 to 10 jg/ml, but was

without major effect on mat weight or final pH
(Table 3).

TABEz 2. Effect of addition of zinc glycerophosphate to a basal medium on the production of aflatoxins, mat dry
weight, and final pH of medium after 7- and 14-day incubation with A. parasiticus 2999a

7-Day incubation 14-Day incubation
Levelof

Expt added zinc Total Mat Final Total Mat Final(jig/ml) aflatoxins wt pH aflatoxins wt pH(,ig) (mg) pH(jig) (mg) p

1B 0 0.7 107 3.4 0.2 93 3.3
1 80.8 254 6.2 62.8 237 5.7
5 222.5 263 6.1 106.9 240 5.8
10 246.7 270 6.2 83.3 246 6.0
25 41.1 269 6.4 9.6 244 6.2

1C 0 4.7 149 7.5 10.1 151 7.3
1 3.3 153 7.6 10.9 152 7.3
5 57.8 170 7.7 47.6 154 7.4
10 152.0 171 7.8 105.1 155 7.4
25 47.7 165 7.6 98.6 159 7.4

a Conditions for these experiments were the same as those for experiment 1A, except that in experiment 1C
the medium was supplemented with 1% asparagine.

TAmz 3. Effect of addition of salts of cadmium, chromium, and silver to a basal medium on the production of
aflatoxins, mat dry weight, and final pH of medium after 7-day incubation with A. parasiticus 2999

Added aLvel of Aflatoxinsb (jg) Mat Fn
Expt trace addtcewt Fia

metal ~metal p

(jig/ml) B, B2 Total (m)H

5 Cd'+ 0.0 26.5 0.25 0.83 27.6 249 6.5
1.0 2.5 0.12 0.29 2.9 252 6.6
5.0 0.03 0.009 0.02 0.06 2456 6.8
10.0 0.01 0.01 0.01 0.03 2363 6.9
25.0 ND ND ND ND 248 6.7

6 Cr'+ 0.0 15.0 0.21 2.74 18.0 263 6.7
0.5 18.5 0.36 3.08 21.9 265 6.6
1.0 6.8 0.1f5 0.63 7.6 259 6.6
3.0 4.1 0.10 0.62 4.8 260 6.6
5.0 2.3 0.06 0.34 2.7 263 6.6

10.0 4.1 0.10 4.8 9.0 255 6.6

7 Ag+ 0.0 12.4 0.15 2.7 15.2 269 6.6
0.2 3.1 0.08 1.0 4.2 289 6.4
0.4 6.3 0.14 1.9 8.3 278 6.6
0.6 6.4 0.20 2.0 8.6 257 6.5
0.8 4.1 0.09 1.2 5.4 236 6.5
1.0 3.2 0.10 1.0 4.3 248 6.7
5.0 NND ND ND ND 31 5.5

a Fe, Cu, Zn, and Mn were all added at 1 ;jg/ml to the basal medium, and Ca was added at 10 ;Ig/ml.
Aflatoxin per flask; no aflatoxin G. was detected in any experiment; ND, not detected.
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Silver up to 1 ug/ml depressed aflatoxin
production without affecting mat weight or final
pH (Table 3). At 5 gg/ml, it reduced aflatoxin to
nondetectability and depressed mat weight
greatly. Thus, at unusually low levels it effec-
tively depressed aflatoxin production and
growth.
The effects of various metals at 5 gg/ml on

aflatoxin production are shown in Table 4. Mer-
cury depressed aflatoxin level greatly without
decreasing mat weight or lowering the final pH,
while aluminum and ruthenium also depressed
aflatoxin production somewhat. Nickel, cobalt,
and lead had little or no effect on any of the
three measured test results.

DISCUSSION
The results here described agree with the

conclusion of previous workers that zinc stimu-
lates aflatoxin production (2, 5, 6, 10). Also they
agree with earlier findings that some trace
metals at low concentrations may inhibit
aflatoxin production (2). No certain explana-
tion, however, can be offered for the mechanism
of the effect shown here by the various metallic
ions on the production of aflatoxins.
Four of the more potent metals in the inhibi-

tion of aflatoxin production in the present work,
i.e., copper, cadmium, silver, and mercury, are

also fungicidal at higher concentrations. Each
of these four is known for its reaction with
sulfhydryl groups, and such reactions have been
suggested as a cause of their fungicial action (9).
In data similar to those reported here for the
aflatoxins, Takao (11) has reported inhibition of
riboflavin synthesis by copper, mercury, and
silver.

Aflatoxin contamination of the seeds at har-
vest appears to be very rare in the U.S. cotton
crop and is localized especially in very limited

areas. A. flavus, it might be reasoned by some

individuals, is a ubiquitous fungus which in-
fects cotton seeds very nearly universally before
harvest but produces aflatoxins only in the
presence of suitable amounts of trace metals.
Actually, temperature seems to us to be a factor
of dominant importance and mineral supply to
the cotton plant of uncertain significance. Infec-
tion of the seeds at harvest with A. flavus is of
very limited occurrence across the cotton belt
and geographical localization of the boll rot
seems most strongly associated with very high
temperatures in the affected areas and with the
fact that A. flavus is a fungus adapted to growth
at high temperatures (7, 8).
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