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A convenient method for the production and analysis of citrinin in corn is
described. Up to 2.964 g of citrinin can be produced by Penicillium citrinum per
kg of corn by harvesting on day 21 or later. The analysis method has a lower
detection limit of 0.25 ppm. Heating citrinin-contaminated corn destroys citrinin
but may produce another toxin instead.

Citrinin, a toxic secondary metabolite of cer-
tain fungi, was first isolated in 1931 (6) from
Penicillium citrinum Thom. It has been impli-
cated in porcine nephropathy (9) and has been
found as a natural contaminant of corn, rice,
wheat, rye, barley, and oats (12, 13, 15, 16). Thus,
citrinin is a potentially important mycotoxin
that may be ingested by humans and other
animals and could cause chronic disease (5).
To date, no methods have been reported for

the production and analysis of citrinin in corn;
most production methods utilize liquid media (4,
6, 14, 17). The fact that Scott et al. (16) have
found as much as 0.08 g of citrinin per kg of
naturally contaminated wheat suggests that
grains could possibly be a good substrate for
citrinin production. Damodaran et al. (3) have
published the only solid substrate production of
citrinin, but they report only 0.08 g of citrinin
per kg of rice and 0.0024 g/kg of wheat. They
also report a colorimetric analysis method for
citrinin in rice or wheat which is not as sensitive
or convenient as quantitative thin-layer chro-
matography (TLC) of the fluorescent citrinin.
Hald and Krogh (5) and Scott et al. (16) devel-
oped analytical methods similar to the one de-
scribed herein, but these methods were not
tested on corn.

This paper reports a method for the produc-
tion of up to 2.964 g of citrinin per kg of corn.
The analysis of corn contaminated with at least
0.25 ppm of citrinin is discussed. The effect of
heat on citrinin and citrinin-contaminated corn
was explored, and a possible new toxin was iso-
lated from heated citrinin-contaminated corn.

MATERIALS AND METHODS
Production and isolation of citrinin on corn.

P. citrinum NRRL 5927 and 5907 were stored at 4 to
5°C on Blakeslee malt agar, which contains 2% malt
extract, 0.1% peptone, 2% dextrose, and 2% agar. P.
citrinum NRRL 5927, which is the same as AUA532,

and NRRL 5907 were both isolated from coastal Ber-
muda grass by U. L. Diener of Auburn University.
Cracked corn was moistened with 333 ml of water per
kg of corn and autoclaved for 20 min at 121°C. After
cooling, the clumps of corn were broken, and 300 g was
added per Fernbach flask and autoclaved again for 20
min at 121°C. The corn was inoculated with a spore
suspension of P. citrinum NRRL 5907 or 5927 and
incubated at 25°C as stationary cultures. After 21
days, 1,250 ml of chloroform was added to each Fern-
bach flask and allowed to soak overnight to kill the
spores. To the chloroform solution, 125 ml of water
and 50 ml of concentrated HCI were added and allowed
to stand for 30 min. The suspension was blended for
5 min and filtered, and the chloroform layer was
retained. The chloroform was rinsed with water and
extracted with 0.1 M NaHCO3. The NaHCO3 solution
was acidified with concentrated HCI to pH 2.5 and
extracted with chloroform, this latter solvent extract
then being concentrated to 50 ml. The chloroform
solution was washed with water and again extracted
with 0.1 M NaHCO3. The aqueous layer was acidified
to pH 2.5, and citrinin was collected by filtration. The
citrinin was dissolved in CHC13 and dried with Na2SO4.
The citrinin readily crystallized from hot absolute
ethanol, and yields were determined by weight.

Citrinin was monitored by comparison with an au-
thentic sample by using TLC on silica gel F254, CHC13-
MeOH, 75:25. The toxin was detected by fluorescence
under a 366-nm UV light. Comparison of the chemical
and physical characteristics of the crystalline material
with UV, infrared, mass, and nuclear magnetic reso-
nance spectra and the melting point of authentic cit-
rinin as reported in the literature (8, 10, 11, 13, 17)
confirmed the identification of the compound.

Citrinin production curve and analysis. P. ci-
trinum NRRL 5927 was utilized for the citrinin pro-
duction curve, and the citrinin was isolated as de-
scribed previously except that 100 g of corn per 500-
ml Erlenmeyer flask was used for each analysis. Two
flasks were analyzed after 3, 7, 14, 21, and 28 days. The
chloroform extract of citrinin was partitioned into
NaHCO:j once, the aqueous layer was acidified, and
the acidic layer was extracted with chloroform. This
chloroform extract was dried in a rotary evaporator,
taken up in 1 ml of CHC13, and analyzed by quantita-
tive TLC. The TLC was described previously, but in
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addition, the amount of citrinin was determined by
visual comparisons of fluorescing zones of sample with
known quantities of standard citrinin spotted on the
same plate. The standard (100 fg/ml in chloroform)
and sample were spotted at 1, 2, 3, 5, and 10 p1, and
the sample was diluted when necessary.

Spiking experiments. One-hundred-gram
amounts of citrinin-free, cracked corn were spiked at
various levels with a standard chloroform solution of
citrinin. The same standard solution was used for
spiking and quantitative TLC.
Heat degradation of citrinin. Citrinin was pre-

pared as explained in the production section, but prior
to citrinin isolation, the spores on the corn were killed
by various heat treatments instead of a room temper-
ature sterilization with chloroform. The fermentation
was autoclaved for 20 min at 1210C, steamed for 15
min at 1000C, or steamed for 5 min at 1000C and then
dried for 3 h at 50°C.
A standard 1-mg/ml citrinin solution in water was

also heat treated by autoclaving for 20 min at 1210C.
An attempt to recover the citrinin was then made by
the method described above.

Production and isolation of the unidentified
toxin. The toxin was produced and isolated from heat-
treated corn as described previously for citrinin, except
that the toxin remained in the chloroform layer during
NaHCO:, extraction. The chloroform was repeatedly
extracted with 0.1 M NaCHO3 until no'citrinin could
be detected by TLC.
An attempt was also made to isolate the toxin from

fermentations on corn or yeast extract sucrose medium
which were not heat treated prior to toxin isolation.
Five-hundred milliliters of 2% yeast extract and 4%
sucrose was inoculated with P. citrinum NRRL 5927
and incubated for 14 days at 280C as stationary cul-
tures. The mycelium and liquid were acidified to pH
1 to 2 with HCI, and 500 ml of chloroform was added.
The mixture was blended for 5 min on low speed and

filtered through cheesecloth. The chloroform layer
was removed, and the aqueous layer was extracted
again with chloroform. The combined chloroform ex-

tracts were washed with water and extracted with 0.1
M NaHCO:,, and the citrinin was obtained from the
NaHCO0: layer as before. The chloroform layer was

concentrated and exhaustively extracted with
NaHCO0: until no citrinin could be detected by TLC;
the chloroform layer was examined for the crude toxin.
The crude toxin was assayed by injecting mice with

various fractions from the extraction procedure. The
fractions were dried and taken up in 1 ml of cottonseed
oil, and 0.2 ml of the solution was injected intraperi-
toneally. The fraction which caused deaths was con-

sidered to contain the unknown toxin, and it was found
only in the chloroform layer of heat-treated fermented
corn. Further purification of this fraction is in progress.

RESULTS AND DISCUSSION
W. T. Roberts supplied us with corn fer-

mented with P. citrinum AUA 532, which failed
to produce citrinin. In the process of determining
why this particular fermentation did not produce
citrinin, it was found that corn actually is an

excellent substrate for citrinin production. Har-
vesting on day 14 produced good yields of citri-
nin: 1.06, 0.90, and 0.84 mg/g of corn from trials
3, 6, and 7 (Table 1). Even higher yields were

obtained by harvesting on day 21 or later (Table
2). These yields were considerably higher than
those previously reported by Damodaran et al.
(3) (0.08 mg/g of rice and 0.0024 mg/g of wheat).
P. citrinum NRRL 5927 or 5907 produced nearly
equivalent amounts of citrinin, as seen in trials
6 and 7 of Table 1. Although many liquid sub-
strate methods for citrinin production suggest

TABLE 1. Citrinin yield and toxicity of unknown toxin with different substrates and sterilization procedures

Method of fermentation sterili- Crystalline citrinin yield,' har- Presence of
Trial Substrate and inoculum zation prior to citrinin isolation vested at day 14 toxin

lb Corn, NRRL 5927 Dried overnight, Oily, noncrystalline +
700C solids

2b Corn, NRRL 5927 Dried overnight, Oily, noncrystalline +
700C solids

3 Corn, NRRL 5927 CHC13, no heat 1.06 mg/g of corn
4 Corn, NRRL 5927 Autoclaved, dried for 0.12 mg/g (oily, non- +

3 h, 500C crystalline solid)
5 Corn, NRRL 5927 Steamed for 15 min, 0.12 mg/g +

dried for 3 h, 500C
6 Corn, NRRL 5927 Steamed for 5 min, 0.90 mg/g +

dried for 3 h, 500C
7C Corn, NRRL 5907 Steamed for 5 min, 0.84 mg/g

dried for 3 h, 500C
8d YES, NRRL 5927 CHC13, no heat 1.19 g/liter
gd YES, NRRL 5927 CHC13, no heat 0.805 g/liter

aYield by weight of first crystallization.
b Fermented by W. T. Roberts and supplied to us for analysis.
c NRRL 5907 was tested because it is generally a good citrinin producer.
d YES is 2% yeast extract and 4% sucrose.
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TABLE 2. Production of citrinin on corn by P.
citrinum NRRL 5927

Time
(days)

3
3
7
7

14
14
21
21
28
28

Citrinin
(mg/g of com)a

0.000524
0.001566
1.044
0.696
2.470
1.976
2.964
2.964
2.964
2.964

Avg citrinin (mg/g
of corn)

0.001307

0.870

2.223

2.964

2.964

'Yield by quantitative TLC.

precipitation of citrinin from the medium with
acid, in practice we found (Table 1, trials 8 and
9) that very little citrinin actually precipitated.
Better citrinin recoveries were obtained by our
procedure, and the toxin obtained was purer and
more readily crystallized.

Before a citrinin production curve could be
determined, a method was needed to analyze the
small amounts of citrinin that would be pro-
duced initially in the fermentation. Using the
extraction and quantitative TLC system men-
tioned in Materials and Methods, 100% recov-
eries of citrinin were obtained from a standard
aqueous solution of citrinin. When corn was
spiked at various levels of citrinin between 5 and
0.1 ppm, a lower detection limit of 0.25 ppm was
obtained. Recovery levels from corn spiked be-
tween 5 and 0.25 ppm ranged from 32 to 13%,
with lower recoveries for lower spiking levels.
Although these recoveries are low, Stubblefield
(unpublished data) and Wilson et al. (18) both
report recoveries in this range, and Scott et al.
(16) report that lower recoveries are obtained if
extraction and TLC cannot be done on the same
day.
To determine the best time to harvest the

citrinin for maximum yield, a production curve
was determined, and results are shown in Table
2. Harvesting on day 21 or later produced the
best yield, 2.964 mg/g of corn. The discrepancy
between Tables 1 and 2 on yield at day 14
probably occurs because yields in Table 1 were
obtained by actual weight of crystalline material
and yields in Table 2 were obtained by quanti-
tative TLC. Probably more citrinin was pro-
duced than was actually obtained as crystalline
material due to losses during crystallization.
A fermentation that was briefly sterilized by

steam prior to extraction resulted in good yields
of citrinin (Table 1, trials 6 and 7); however, very
little citrinin was isolated when fermented corn
was accidentally steamed too long (Table 1, trial

5). This suggested that citrinin was probably
heat sensitive. This fact was confirmed by vary-
ing the sterilization procedure for the fermented
corn. The maximum citrinin yield was obtained
with no heat, the minimum yield was obtained
with autoclaving, and intermediate yields were
obtained with intermediate heat conditions. It
appears that molded corn supplied to us by W.
T. Roberts (trials 1 and 2) failed to yield citrinin
because it was degraded during the drying pro-
cedure. Therefore, even heating the fermented
corn at 700C for an extended period of time
resulted in the loss of citrinin. These findings
are in agreement with Neely et al. (13) and
Kawashiro et al. (7), who found a decrease in
absorbance of standard citrinin solutions begin-
ning at 60 to 700C.
The heat sensitivity of citrinin was further

confirmed when less than 19% of the citrinin
could be recovered from an autoclaved aqueous
solution of citrinin. Quantitative TLC was used
to determine the percent recovery, and it also
showed that additional substances were now
present. When the standard solution was not
autoclaved, 100% of the citrinin was readily re-
covered, and TLC indicated that only citrinin
was present.
Thus, the experimenter should avoid pro-

longed heating of fermentations prior to citrinin
extraction or during analysis of citrinin. This
may appear to contradict Chu's (1) statement
that citrinin is stable to autoclaving, but what
his paper actually notes is that autoclaving does
not cause loss of antibiotic power. Citrinin could
thus be degraded by autoclaving and the degra-
dation products still retain antibiotic capacity.
Even though no citrinin could be detected in

the fermented corn supplied to us by W. T.
Roberts, the corn was still toxic, so a toxin other
+*lq eit rinin was probably present. It was ex-

aiiied previously that failure to detect citrinin
in this fermentation was due to its degradation
during the drying procedure, so it would be
unlikely that the toxicity would be due to sub-
strate-bound citrinin which could not be isolated
by the extraction method that was used. By
injecting mice with various fractions from the
extraction procedure, a toxin was found in the
chloroform extracts after the citrinin was re-
moved by NaHCO3 extraction. The toxin was
not citrinin, because the chloroform was repeat-
edly extracted with NaHCO3 until no citrinin
could be detected by TLC. Further purification
of the chloroform extract failed to yield a pure
toxin; but during citrinin production trials, as
can be seen by examination of Table 1, the
unknown toxin was produced by NRRL 5927
only when the fermentation was exposed to heat.
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a b
FIG. 1. (a) Decarboxycitrinin; (b) decarboxydihy-

drocitrinin.

Thus, it appears that heat degrades citrinin, but
toxicity is retained in a fraction that is chloro-
form soluble and NaCHO3 insoluble. This would
agree with Chu's (1) findings that antibiotic
power is retained after autoclaving.
A simple explanation for the appearance of

the unknown toxin during heating is that the
toxin is a degradation product of citrinin. Thus,
an aqueous solution of citrinin was degraded in
the autoclave, and the chloroform solubles that
were not removed by NaHCO3 were examined
for chemical composition and toxicity. Because
the toxin was not removed by NaHCO3 like
citrinin, it seemed probable that the heat had
caused decarboxylation of the citrinin to a com-
pound such as decarboxycitrinin (Fig. la), which
is a natural metabolite of P. citrinum (2), or
decarboxydihydrocitrinin (Fig. lb). An infrared
spectrum of the chloroform-soluble degradation
products lacked a carbonyl, which would favor
a decarboxylation product and would rule out
decarboxycitrinin in favor of decarboxydihydro-
citrinin. However, when the chloroform-soluble
degradation products of citrinin were injected in
mice, no toxicity was found. Thus, it seems that
the appearance of a new toxin upon heating
citrinin-contaminated corn is not simply a citri-
nin degradation product. Also, as can be seen by
comparing trials 6 and 7 of Table 1, NRRL 5907,
which is a citrinin producer, failed to yield a
toxin. The toxicity may be due to an interaction
of the degraded citrinin and the corn upon which
it is grown, or the toxicity may be due to the
degradation of another P. citrinum NRRL 5927
metabolite. Additional research is needed to
clarify why NRRL 5907 did not produce a toxin
and whether the toxin is a citrinin degradation
product, a P. citrinum degradation product, or
some sort of adduct of a degradation product
and substrate.
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