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by the substrate source and may not be involved in the dif-
ferences in aflatoxin formation.

It was speculated that phenolic concentrations in the
substrates may have been a factor in the observed variation
in growth rates of the fungus and aflatoxin accumulation.
However, there was no significant difference in total
phenolics in the 2 substrates with a mean of 9.1 and 9.5
ug/mg for high- and low-yielding trees. Specific phenolic
compounds were not determined, but 7 are known to occur
in pecan kernels (19). The different growth rates of A. para-
siticus may have been due to the concentration of one or
more of these phenolic compounds rather than the total
concentration of all phenolics present. Juglone, which
occurs in pecan leaves and reported as a possible resistant
factor to pecan scab (Fusicladium effusum) (20), did not
occur in the kernels (19).

The data indicate that physiological differences, associ-
ated with low-yielding trees, resulted in improved tolerance
to accumulation of aflatoxins by one isolate of A. para-
siticus. Identification of the physiological differences may
prove to be a new approach for developing the natural
tolerance of pecan nutmeats to members of the A. flavus
group. The relationship of yield with aflatoxin concentra-
tion indicates this variable should be considered in the field
evaluation for infection by toxin-producing strains of the
A. flavus group and the accumulation of aflatoxins.

REFERENCES
1. Sparks, D,, 65th Annual Report of the Northern Nut Growers’

Association, 1974,

Pons, W.A,, Jr., and L.A. Goldblatt, JAOCS 42:471 (1965).

(Singleton, V.L., and J.A. Rossi, Jr., Am. J. Enol. Vitic. 16:144

1965).

Somers, T.C., and A.F. Harrison, Aust. J. Biol. Sci. 20:475

(1967).

5. Worthington, R.E,, T.S. Bogges, Jr., and E K. Heaton, J. Fish.

Res. Bd. Can. 29:113 (1972).

Metcalf, L.D., J. Chromatogr. Sci. 13:516 (1975).

“Official and Tentative Methods of the American QOil Chemists’

Society,” 3rd Edn., AOCS, Champaign, IL, 1979, Method AL

3-49,

Schroeder, HW., and G.D. Madden, Pecan Q. 10:24 (1976).

Schroeder, HW., and J.B. Storey, Hort. Sci. 11:53 (1976).

Davis, N.D., U.L. Diener and V.P. Agnihatri, Mycopathol.

Mycol. Appl. 3:251 (1967).

11. Lee, E.GH., PM,. Townsley and C.C. Walden, J. Food Sci.
31:432 (1966).

12. Mateles, R.I., and J.C. Adye, Appl. Microbiol. 13:208 (1965).

13. Lillehoj, E.B., W.J. Garcia and M. Lambrow, Ibid. 28:763
(1974).

14. Maggon, K.K., and T.A. Subraman, Biochem. Physiol. Pflanz.
164:523 (1973).

15. Gupta, S.K., and T.A. Venkitasubramanian, Appl. Microbiol.
29:834 (1975).

16. Venkitasubramanian, T.A., in “Mycotoxins in Human and
Animal Health,” edited by J.V. Rodricks, C.W. Hesseltine and
M.A. Mehlman, Pathotox Publishers Inc., Park Forest South,
IL, 1977, pp. 83-98.

17. Mafer, J.B., and D.C. Bain, Mississippi Agric. Exp. Sta. Tech.
Bull. 63 (1971).

18. Ashworth, L.J., Jr., HW. Schroeder and B.C. Langley, Science
148:1228 (1965).

19. Senter, S.C., R.J. Horvat and W.R. Forbus, Jr., J. Food Sci.
45:1380 (1980).

20. Hedin, P.A., V.E. Langhans and C.H. Graves, Jr., J. Agric.
Food Chem. 27:92 (1979).

* wb

No

Swow

Aflatoxin Formation on Whole and Ground Cumin

and Anise Seeds

G.C. LLEWELLYN, E.C. DIXON and T. EADIE, Department of Biology, Virginia
Commonwealth University, Richmond, VA 23284, W.V. DASHEK, Department of
Biology, West Virginia University, Morgantown, WV 26506, and C.E. O'REAR,
Department of Forensic Sciences, The George Washington University,

Washington, DC 20052

ABSTRACT

The purpose of this study was to evaluate the potential productivity
and growth of Aspergillus parasiticus (NRRL 2999) and the result-
ing toxin production on natural and autoclaved (cooked) cumin and
anise spice seed substrates. Both whole and ground seeds were used.
Mycelia and sporulation were also noted in this 17-day experiment.
Cumin and anise seeds are capable of supporting mycelial growth,
sporulation and toxin production when the seeds are moist and
maintained at room temperature. Toxin yields were higher on
ground sterile seed substrates. Of the commercial samples tested,
neither the resulting cultures of natural florz nor dry whole seeds
were found to contain aflatoxin or aflatoxin-like producing or-
ganisms. The anise substrates were more conducive to mycelial
growth, sporulation and aflatoxin production than the cumin, Toxin
levels in the various anise substrates ranged from 0.83 to 6.5 ug/g
total for the 4 aflatoxins, B,, B,, G; and G,. Cumin seed substrates
usually showed only B, and G, at total levels ranging from 0.23 to
0.63 ug/g. Both spice seeds had mycelial growth and sporulation to
occur at some time during the experimental period. Both substrates
could be considered as low-level-producer substrates for aflatoxins.
Anise seeds should be monitored occasionally for aflatoxin contami-
nation when the commodities are purchased and used in large
quantities.

INTRODUCTION

Aflatoxins have been found in many agricultural products
such as peanuts (1), red peppers (2) and cottonseed (3).
Spices such as ginger, mace, cumin seed, dill seed, garlic
powder, onion powder and the herbs, marjoram, rosemary,
thyme and sage, were examined for aflatoxin with negligible
levels reported (4). Aspergillus flavus has been isolated from
mace, cumin seeds, coriander seeds and other spices (5,6).
The potential for aflatoxin contamination of spices is quite
evident. Spices are international commodities having wide-
spread usage.

Anise (Pimpinella anisum) seeds are used to flavor
pastry, cookies, candy and certain cheeses. They have a
spicy taste and are used to flavor licorice. The oil is also
used in medications, especially for treating children’s
stomach problems (i.e., flatulence). Oil of anise is volatile
and contains anethole, parapropenyl phenyl methyl ether
(C3HsCgH40CH;3). Anethole and its derivatives such as
anisole and anisaldehyde are used in perfumes and flavor-
ings. Anise is imported into the U.S. from Europe and the
Mediterranean countries (7).

JAOCS December 1981 / 985A



G.C. LLEWELLYN ET AL.

Cumin (Cuminum cyminumy) seeds are used in flavorings
and resemble caraway seeds in odor. They are also known
as comino seeds. Cumin is used commercially in the prepa-
ration of meats, pickles, cheeses, sausage, curry powder,
chili powder and chutneys. The plants are natural to the
Mediterranean and Middle East nations (7).

The purpose of this study was to evaluate the potential
productivity and growth of Aspergillus parasiticus (NRRL
2999) and the resulting toxin production on natural and
autoclaved (cooked) cumin and anise spice substrates.

EXPERIMENTAL PROCEDURES

Whole, commercial spice seeds and their ground powders
were the sole source of seeds used as substrates. All seeds
were from individually canned containers. Anise seeds and
ground cumin were processed by C.F. Sauer Co., Rich-
mond, VA, and cumin seeds were processed by Twin Tree
Gardens Flavor Delight, Inc., Medford, NJ. Ground anise
was prepared in a chemically sterile blender from whole
anise seed and was ground to a consistency similar to that
of ground cumin,

Sterile glass prescription bottles (30-mL) with cotton
stoppers served as culture flasks for all the seeds tested.
Four g of whole or ground seed was placed in the bottles.
Preliminary results indicated that 8 mL of tap water was
needed to adequately moisten the substrates. Triplicate
sets were made for each of the 8 treatment sets used. The
first treatment sets were the controls. Here, the whole and
ground cumin and anise substrates were autoclaved at 15
psi for 15 min. They were not inoculated with the fungal
spores. The experimental substrate treatment groups in-
cluded triplicate sets of whole and ground anise and cumin
seed that were not sterilized but cultured in sterile bottles
with sterile tap water. They were the noninoculated natural
flora cultures. Additional substrate treatment groups were
all inoculated with equal aliquots of spores from Aspergillus
parasiticus NRRL 2999. This is an aflatoxigenic strain
known to produce By, B;, G; and G, on favorable sub-
strates under favorable conditions. Spores used herein came
from a single slant. Slants of this isolate have been main-
tained in the laboratory on potato-dextrose agar medium,
Triplicate sets of natural flora cultures and sterilized cul-

TABLE I

tures were inoculated. Such sets were prepared for both the
whole and ground seeds of anise and cumin. This provided
a total of 8 different substrate treatment groups for each
spice: sterilized whole seeds, sterilized ground seeds, natural
flora whole seeds, natural flora ground seeds, inoculated
natural flora wholc seeds and inoculated natural flora
ground seeds,

The mold was allowed to grow for 17 days in darkness
at 21 * 3 C. Bottles were cultured on their flat side to pro-
vide maximal surface area for the mold growth. After the
first 60 hr, each culture bottle was observed daily for
mycelial growth and sporulation. After the 17th day, 10
mL of CHCl; was added to each bottle. The bottles were
capped and placed in a shaker for 20 min. The CHCl;
served to attenuate the cultures. Cultures were allowed to
air-dry and then an additional 20 mL of CHCl; was added
for extraction purposes. After shaking for 20 min, the
solids were allowed to settle for 2 hr, and then uL quanti-
ties of the liquid phase were removed and spotted on silica
gel thin layer chromatography (TLC) plates. Triplicate
spots were made and mean values read by visual examina-
tion and then subsequent dilutions were made of spotted
reference samples containing aflatoxins By, B,, G, and G,.
A standard solvent system approved for use with foods and
feeds by the Association of Official Analytical Chemists
(8) was followed. These tests were made at the Mycotoxin
Laboratory, Division of Consolidated Laboratory Services,
Department of General Services, Commonwealth of Vir-
ginia, Richmond.

RESULTS

No aflatoxins were detected in the 24 samples of the whole
and ground cumin and anise seeds that were used as con-
trols. Some of the natural flora cultures, however, had a
heavy growth of Rbizopus sp. No A. parasiticusike orga-
nisms were observed in the natural flora or sterilized con-
trols in either the ground or the whole seed cultures. Also,
tests to determine aflatoxin content were negative for both
types of cultures. However, large concentrations of the afla-
toxins were detected in the cultures inoculated with A,
parasiticus NRRL 2999 (Table 1).

The amount of growth of A. parasiticus was slightly

Formation of Aflatoxins on Various Anise and Cumin Seed Substrates®

Anise seeds
Ground & sterilized Ground seeds Whole seeds
seeds Whole sterile seeds with natural flora with natural flora
Aflatoxin Aflatoxin Aflatoxin Aflatoxin
(ug/g substrate) % (ug/g substrate) % (ug/g substrate) % (ug/g substrate) %
B, 2.80 = 3.00 43 2,191 1.62 45 1.77 £+ 1.03 43 0.44  0.10 53
B, 0.04 £ 0.00 1 0.12 + 0.54 3 0.10 £ 0.00 2 NDb -
G, 3.65+ 3.35 56 2.28 £ 0.92 49 1.98+1.18 48 0.39+ 0.12 47
G, 0.05 £ 0.00 1 0.07 £ 0.02 2 0.28 £ 0.27 7 NDb —
Total® 6.54 - 4.66 - 4.13 - 0.83 -
Cumin seeds
B, 0.32+0.14 51 0.13 £ 0.03 40 0.12 £ 0.04 40 0.23 £ 0.05 100
B, NDb - NDb - NDb — NDb -
G, 0.31+0.11 49 019+ 0 60 0.18 + 0.04 60 NDP -
G, NDb - NDb - NDb - NDb -
Total 0.63 - 0.31 - 0.30 — 0.23 —

2Mean and SD from 3 replicates.
bND = none detected.

€Overall total: means of individual toxins may not total exactly to this value.

986A / JAOCS December 1981



WALTER J. PONS, JR., MEMORIAL SYMPOSIUM ON MYCOTOXINS

TABLE I

Coverage of Cultures by Mycelium as a Percentage of Total Surface Area®

Anise seed

Surface area covered
by mycelia in ground

Time and sterilized seed and sterilized seed

Surface area covered

by mycelia in whole by myecelia in ground seeds

Surface arca covered
by mycelia in whole seeds
with natural flora

Surface area covered

with natural flora

(hr) (%) (%) (%) (%)
60 53115 120+ 8 28+ 22 70 £ 10
72 90 + 10b 30 + 200 77 + 15b 97+ 3b
84 97+ 6 3319 82t 14 100t 0
96 98+ 3 52111 88t 9

108 100t 0 65t 6 932 §

120 89+ 1 99+ 1

132 100t 0 100t 0

144

252

2Mean % and standard deviation for 3 sets.
bThe first observable occurrence of sporulation.

greater on the ground sceds than on the whole seed, as
evaluated by mycelial area (Tables 11 and III). The mean
yield of aflatoxins/g of culture of A. parasiticus is given in
Table 1. The yields on the ground seed cultures were
greater than those in the whole seed cultures. The sterilized
cultures also showed a greater yield of aflatoxin than the
natural flora cultures. The sterilized ground anise seed had
a total mean value of 6.54 ug aflatoxin/g of substrate com-
pared to 4.13 ug aflatoxin/g of substrate in the ground
natural flora culture.

The cumin seed followed the same pattern, though did
not produce as much aflatoxin as the anise cultures. The
sterile ground cumin seed had a mean value of 0.63 ug of
aflatoxin/g of substrate compared to 0.30 ug of aflatoxin/g
of substrate in the ground seed with natural flora.

- The whole seed sterilized cultures showed a greater yield
than the natural flora seeds in both the cumin and anise
seed, though neither produced as much aflatoxin as the
ground substrate (Table I). The sterilized whole anise seed
had a total mean value of 4.66 ug aflatoxin/g of substrate

TABLE 11

compared to 0.83 ug of aflatoxin/g of substrate in the
whole natural flora seed. In the cumin, the whole sterilized
seed had a total mean value of 0.31 ug aflatoxin/g of sub-
strate compared to 0.23 ug aflatoxin/g of substrate in the
whole natural flora seeds.

In Tables i1 and I, the coverage of cultures by mycel-
ium as a percentage of total mycelial surface area available
and the amount of time it took to attain maximal growth
are shown. A. parasiticus grew better on the anise seeds
than on the cumin seeds and a larger amount of aflatoxin
was produced on the anise cultures than on the cumin cul-
tures (Table I).

Based on the new Duncan’s multiple range test while
accepting a 5% error, the A. parasiticus-inoculated whole
seeds with natural flora in the substrate produced signifi-
cantly lower levels of total aflatoxin than the other 3 sub-
strates. All cumin substrates were statistically similar and
all cumin substrate treatments were significantly lower than
all the anise cultures. In our study, the mean yield of all
4 types of aflatoxins showed an increase for the sterilized

Coverage of Cultures by Mycelium as a Percentage of Total Surface Area?

Cumin seed

Surface area covered
by mycelia in whole
and sterilized seed

Surface area covered
by mycelia in ground
Time and sterilized seed

by mycelia in ground seeds

Surface area covered
by mycelia in whole seeds
with natural flora

Surface area covered

with natural flora

(hr) (%) (%) (%) (%)
60 NDb NDb 7+3 37115
72 ND ND 636 70 + 26¢€
84 ND ND 67+5 83 + 21
96 13+ 6 ND 75+ 1 93+ 12

108 3212 ND 83 + 2¢ 100+ 0

120 72+ 4¢€ 6+ 4 94+ 1 -

132 85t 5 11+ 1 100+ 0 -

144 100t 0 11+ 8¢ - -

156 - 11+ 8 - -

168 - 112 9 - -

180 - 12+ 10 - -

192 - 13+13 - -

204 - 15+ 15 - -

216 - 16+ 17 - -

228 - 17 £ 20 - -

240 - 17 ¢ 20 - -

252 - 27 + 21 - -

2Mean % and standard deviation from 3 sets.
DND = no detectable growth,
CFirst observable occurrence of sporulation.
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cultures (Table I). Most of the total increase in aflatoxins
may be attributed to the production of G; and B, in the
sterile cultures of the anise. Aflatoxin B, and G, were not
produced on the cultures with natural flora and whole seeds
and B; and G, production was lower in these cultures also.

DISCUSSION

In recent years, mycotoxin contamination of food prod-
ucts, both in the drying and storage process and in the
home, have been studied. Many different substrates are sus-
ceptible to aflatoxin production under various conditions,
both natural and experimental (9-11). It has been demon-
strated in the laboratory that fungi of Aspergillus sp. can
grow and produce aflatoxins on a very wide variety of com-
modities. Toxin production under laboratory conditions
are not directly comparable to natural conditions, but at
least may be indicative in some measure to the problem
and potental in natural environments. Fungal growth or
mold contamination per se is not necessarily an indication
of toxin production in a particular commodity, as toxin
production seems to occur only in a narrower range of
conditions than those which permit growth (12,13).

A number of parameters affect aflatoxin production,
The influence of temperature, pH, carbon source, available
zinc, relative humidity, oxygen and carbon dioxide, among
others, are all important in aflatoxin production (14).

In this study, the texture of the substrate, the barrier
provided by the seed coats present on whole seeds, the
influence and/or competition of the naturally occurring
microorganisms, and the effect of cooking (autoclaving)
on the substrates may have been significant parameters.
For example, ground seeds having the seed coat broken and
the contents pulverized proved to be a better substrate for
mold growth, sporulation and toxin production for both
spices. Toxin production was significantly greater for anise.
Sterilization and accompanying cooking via autoclaving
also provided similar results for the parameters measured.
Apparently, cooking (autoclaving) helped make nutrients
more available and reduced microflora competion. Other
studies have reported greater aflatoxin production on
autoclaved substrates (15).

When cumin and anise substrate yields are compared to
aflatoxin levels produced by this fungal strain on other
products tested in laboratory studies, the following results
are evident. Soybeans produced from 22 to several thou-
sand ug/g of the total aflatoxin produced (15). Cocoa beans
that were cooked produced nearly 400 ug/g total aflatoxin
but uncooked beans were not producers (16). Apricots and
figs were low-level producers when this strain was used with
total aflatoxin levels up to 5 ug/g found in figs and less than
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0.1 pg/g found in apricot media (17). Lettuce, cauliflower,
celery and taro root failed to produce detectable levels of
aflatoxins when inoculated with A. parasiticus NRRL 2999
(18). Pineapples have produced 13-15 pg/g total aflatoxins
(17). It is apparent that cumin seeds could be ranked as a
negligible producing substrate, whereas anise seeds would
rank as a low-evel producing substrate.

In the cumin culwres, B, and G, were not formed. In
the sterilized cultures, B; and G; were produced, but in
the cultures with natural flora, less B; was produced and
in the whole seed with natural flora only B; was produced.

Cumin appears to be a harsh substrate and could contain
some inhibitory agents against aflatoxin production. We
doubt that cumin seeds would require monitoring, as based
on our laboratory culture tests,
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