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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 
lag/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- 
uon  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. 
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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 spomlation 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 flora 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 ~g/g 
total for the 4 aflatoxins, Bt, B;, G 1 and G 2. Cumin seed substrates 
usually showed only B 1 and GI at total levels ranging from 0.23 to 
0.63/zg/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-levebproducer 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 
(C3HsC6H4OCH3). 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). 
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C u m i n  (Cuminum cyminum) seeds are used in flavorings 
and resemble caraway seeds in odor .  They  are also known  
as c o m i n o  seeds. Cumin is used commerc ia l ly  in the  prepa- 
rat ion of  meats ,  pickles, cheeses, sausage, curry powder ,  
chili powder  and chutneys .  The  plants  are natural  to the 
Medi terranean and Middle East nat ions  (7). 

The  purpose  o f  this s tudy was to  evaluate the potent ia l  
p roduc t iv i ty  and growth of  Aspergillus parasiticus ( N R R L  
2999) and the resulting toxin  p roduc t ion  on natural  and 
autoclaved (cooked)  cumin  and anise spice substrates.  

E X P E R I M E N T A L  PROCEDURES 

Whole, commerc ia l  spice seeds and their  ground powders  
were the sole source of  seeds used as substrates.  All seeds 
were f rom 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  T r e e  
Gardens  Flavor  Delight,  Inc., Medford ,  NJ. G r o u n d  anise 
was prepared in a chemical ly  sterile b lender  f rom whole 
anise seed and was ground to a consis tency similar to  that  
of  g round  cumin.  

Sterile glass prescr ipt ion bot t les  (30-mL) with c o t t o n  
s toppers  served as cul ture flasks for  all the  seeds tested. 
Four  g of  whole  or  ground seed was placed in the bot t les .  
Prel iminary results indicated tha t  8 m L  of  tap wate r  was 
needed to adequate ly  mois ten  the  substrates. Tripl icate  
sets were made  fo r  each of  the  8 t r ea tmen t  sets used. The  
first t r ea tmen t  sets were the controls .  Here, the whole  and 
ground cumin  and anise substrates were autoclaved at 15 
psi for 15 min.  They were no t  inocula ted  with the  fungal 
spores. The  exper imenta l  substrate t r ea tmen t  groups in- 
c luded tr ipl icate sets of  whole and ground anise and cumin 
seed that  were no t  sterilized but  cu l tured  in sterile bot t les  
with sterile tap water .  They  were the non inocu la ted  natural  
f lora cultures.  Addi t iona l  substrate  t r ea tmen t  groups were 
all inocula ted  with equal  a l iquots  o f  spores f rom Aspergillus 
parasiticus N R R L  2999.  This is an af la toxigenic  strain 
known  to p roduce  Bt,  B2, Gl  and G2 on favorable  sub- 
strates under  favorable  condi t ions .  Spores used herein came 
from a single slant. Slants of  this isolate have been main- 
ta ined in the  labora tory  on po ta to -dex t rose  agar medium.  
Tripl icate  sets o f  natural f lora cul tures  and steril ized cul- 

cures were inoculated.  Such sets were prepared for both the 
whole and ground seeds of  anise and cumin.  This provided 
a total  of  8 d i f ferent  substrate t r e a t m e n t  groups for  each 
spice: sterilized whole seeds, steril ized ground seeds, natural  
f lora whole  seeds, natural  f lora g round  seeds, inocula ted  
natural  flora whole seeds and inocula ted  natural f lora 
ground seeds. 

The  mold  was al lowed to grow for  17 days in darkness 
at 21 -+ 3 C. Bott les  were cul tured on their  f lat  side to pro- 
vide maximal  surface area for the mold  growth.  Af te r  the 
first 60 hr, each cul ture  bot t le  was observed daily for 
mycel ial  growth and sporulat ion.  Af t e r  the  17th day,  10 
mL of  CHCI3 was added to each bot t le .  The  bott les were 
capped and placed in a shaker for  20 min.  The CHC13 
served to a t tenuate  the  cultures.  Cultures were allowed to 
air-dry and then an addi t ional  20 m L  of  CHCI3 was added 
for  ex t rac t ion  purposes.  Af t e r  shaking for  20 min,  the 
solids were al lowed to sett le for 2 hr, and then/~L quanti-  
ties o f  the l iquid phase were removed  and spot ted on silica 
gel thin layer ch romatography  (TLC) plates. Tripl icate 
spots were made and mean values read by visual examina-  
t ion and then subsequent  di lut ions were made of  spot ted  
reference samples conta in ing af la toxins  Bt ,  B2, G] and G2. 
A standard solvent  system approved for  use with foods and 
feeds by the Associat ion of  Official Analyt ical  Chemists  
(8) was fol lowed.  These tests were made at the Myco tox in  
Labora tory ,  Division of  Consol idated Labora tory  Services, 
Depa r tmen t  o f  General  Services, Commonwea l t h  of  Vir- 
ginia, Richmond.  

R ESU LTS 

No aflatoxins were de tec ted  in the 24 samples of  the whole 
and ground cumin and anise seeds that  were used as con- 
trols. Some of  the natural  f o r a  cultures,  however,  had a 
heavy growth o f  Rbizopus sp. No A. parasiticus-like orga- 
nisms were observed in the natural  f lora or  sterilized con- 
trols in ei ther  the g round  or  the whole  seed cultures. Also,  
tests to de termine  af la toxin con ten t  were negative for both  
types o f  cultures. However ,  large concent ra t ions  of  the afla- 
toxins were de tec ted  in the cultures inoculated with A. 
parasiticus N R R L  2999 (Table I). 

The  amoun t  o f  growth  of  A. parasiticus was slightly 

TABLE I 

Formation of Aflatoxins on Various Anise and Cumin Seed Substrates a 

Anise seeds 

Ground & sterilized Ground seeds Whole seeds 
seeds Whole sterile seeds with natural flora with natural flora 

Aflatoxin Aflatoxin Aflatoxin Aflatoxin 
(~g/g substrate) % (ug/g substrate) % (~g/g substrate) % (#g/g substrate) % 

B t 2.80 • 3.00 43 2.19 + 1.62 45 1.77 + 1.03 43 0.44 + 0.10 53 
B 2 0.04 + 0.00 1 0.12 -+ 0.54 3 0.10 + 0.00 2 ND b -- 
G t 3.65 + 3.35 56 2.28 + 0.92 49 1.98 + 1.18 48 0.39 • 0.12 47 
G 2 0.05 + 0.00 1 0.07 + 0.02 2 0.28 • 0.27 7 ND b - 

Total c 6.54 -- 4.66 -- 4.13 -- 0 . 8 3  -- 

Cumin seeds 

B t 0.32 + 0.14 51 0.13 + 0.03 40 0.12 + 0.04 40 0.23 + 0.05 100 
B 2 ND b -- ND b -- ND b -- ND b -- 
G 1 0.31 + 0.11 49 0.19 + 0 60 0.18 -+ 0.04 60 ND b - 
G 2 ND b -- ND b -- ND b -- ND b - 

Total 0.63 - 0.31 -- 0.30 -- 0.23 - 

aMean and SD from 3 replicates. 
bND = none detected. 
COverall 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 H 

Coverage of Cultum.s by Mycelium as a Percentage of Total Surface Area a 

Anise seed 

Surface area covered Surface area covered Surface area covered Surface area covered 
by mycelia in ground by mycelia in whole by mycelia in ground seeds by mycelia in whole seeds 

Time and sterilized seed and sterilized seed with natural flora with natural flora 
(hr) (%) (%) (%) (%) 

6 0  5 3  • 15_ 1 2 0 +  8 2 8 •  
7 2  9 0 •  b 3 0 + 2 0  b 7 7 •  1 5  b 
8 4  9 7 •  6 3 3 •  8 2 •  
9 6  9 8 •  3 52:t: 11 8 8 •  9 

1 0 8  1 0 0 •  0 6 5 +  6 9 3 +  5 
1 2 0  8 9 : ~  1 9 9 •  I 
132 1 0 0  :t: 0 1 0 0  • 0 
144 
2 5 2  

70 • 10 
97 • 3 b 

100:t  0 

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

grea ter  on  the  g r o u n d  seeds  t han  on the  whole  seed,  as 
eva lua ted  by  mycel ia l  area (Tables  II and  Il l) .  T h e  m e a n  
yield of  a f l a tox ins /g  o f  cu l tu re  of  A. parasiticus is given in 
Table  1. The  yields on  the  g r o u n d  seed cu l tu res  were 
grea ter  t han  those  in the  whole  seed cul tures .  T h e  s ter i l ized 
cul tures  also s h o w e d  a g rea t e r  yield of  a f l a tox in  t han  the  
na tura i  f o r a  cul tures .  T he  s ter i l ized g r o u n d  anise seed had  
a to ta l  mean  value of  6 . 54 / ~g  a f l a tox in /g  of  subs t r a t e  com-  
pared  to  4 .13 Jag a f l a tox in /g  of  subs t r a t e  in the  g r o u n d  
na tura l  f lora cul ture .  

The  c u m i n  seed fo l lowed  the  same pa t t e rn ,  t h o u g h  did  
no t  p roduce  as m u c h  a f l a tox in  as the  anise cul tures .  The  
sterile g r o u n d  c u m i n  seed had  a m e a n  value o f  0 .63 jag o f  
a f l a tox in /g  of  subs t r a t e  c o m p a r e d  to 0 .30  Bg o f  a f l a tox in /g  
of  subs t ra t e  in the  g r o u n d  seed wi th  na t u r a l  f lora.  

The  whole  seed s ter i l ized cu l tu res  s h o w e d  a g rea te r  yield 
than  the  na tu ra l  f lora seeds in b o t h  the  cumin  and  anise 
seed, t h o u g h  n e i t h e r  p r o d u c e d  as m u c h  a f la tox in  as the  
g round  subs t r a t e  (Table  I). T he  s ter i l ized whole  anise seed 
had  a to ta l  m e a n  value of  4 . 6 6 / ~ g  a f l a tox in /g  o f  subs t r a t e  

c o m p a r e d  to 0 .83 /~g of  a f l a t o x i n / g  of  subs t ra t e  in the  
whole  na tu r a l  f lo ra  seed. In t he  c u m i n ,  the  whole  s ter i l ized 
seed had  a to t a l  m e a n  value o f  0 . 3 1 / ~ g  a f l a tox in /g  o f  sub-  
s t ra te  c o m p a r e d  to 0.23 Jag a f l a t o x i n / g  o f  subs t r a t e  in the  
whole  na tu ra l  f o r a  seeds. 

In Tables  11 and  III, the  cove rage  of  cu l tu res  by  mycel -  
ium as a pe rcen tage  o f  t o t a l  myce l ia l  sur face  area available 
and  the  a m o u n t  o f  t ime  it  t o o k  to  a t t a in  max ima l  g r o w t h  
are shown.  A. parasiticus grew b e t t e r  on  the  anise seeds 
t han  on  the  c u m i n  seeds and  a larger  a m o u n t  of  a f l a tox in  
was p r o d u c e d  on  the  anise cu l tu re s  t han  on  the  c u m i n  cul- 
tures  (Tab le  I). 

Based on  the  new D u n c a n ' s  m u l t i p l e  range tes t  while  
accep t ing  a 5% error ,  the A. parasiticus-inoculated whole  
seeds wi th  na tu ra l  f lora  in the  s u b s t r a t e  p r o d u c e d  signifi- 
can t ly  lower  levels of  to ta l  a f l a t o x i n  t h a n  the  o t h e r  3 sub- 
strates.  All c u m i n  subs t r a t e s  were  s ta t is t ical ly  s imilar  and  
all cumin  subs t r a t e  t r e a t m e n t s  were  s ignif icant ly  lower  t h a n  
all t he  anise cu l tures .  In our  s tudy ,  the  m e a n  yie ld  of  all 
4 types  o f  a f l a tox ins  s h o w e d  an increase  for  the  s ter i l ized 

TABLE HI 

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

Cumin seed 

Surface area covered Surface area covered Surface area covered Surface area covered 
by mycelia in ground by mycelia in whole by mycelia in ground seeds by mycelia in whole seeds 

Time and sterilized seed and sterilized seed with natural flora with natural flora 
(hr) (%) (%) (%) (%) 

60 ND b ND b 7+  3 37• 15 
72 ND ND 63 + 6 70 • 26 c 
84 ND ND 67 + 5 83 • 21 
9 6  13•  6 ND 75•  1 93•  12 

108 32 + 1 2  N D  8 3  • 2 c 1 0 0  • 0 
1 2 0  7 2 •  4 c 6 +  4 9 4 + 1  - -  
1 3 2  85+ 5 11+ 1 100+_0 -- 
144 100•  0 11 • 8 c - - -  
1 5 6  -- 11 • 8 - -  - -  
1 6 8  - -  1 1  • 9 - -  - -  
1 8 0  -- 12 + 10 -- -- 
192 - -  13  • 13 - -  - -  

204 -- 15 • 15 -- -- 
216 - 16 + 17 -- - -  
2 2 8  - -  1 7  • 2 0  - -  - -  
2 4 0  - 17 • 20 - - -  
2 5 2  - -  2 7  + 2 1  - -  - -  

aMean % and standard deviation from 3 sets. 
bND = no detectable growth. 
CFirst observable occurrence of sporulation. 
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cultures (Table I). Most of  the total increase in aflatoxins 
may be a t t r ibuted to the product ion of  GI and BI in the 
sterile cultures of the anise. Aflatoxin B2 and G2 were not  
produced on the cultures with natural flora and whole seeds 
and BI and GI product io~ was lower in these cultures also. 

D I S C U S S I O N  

In recent years, mycotoxin  contaminat ion 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 product ion 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 product ion under laboratory condit ions 
are not  directly comparable to natural conditions,  but  at 
least may be indicative in some measure to the problem 
and potential  in natural environments.  Fungal growth or 
mold contaminat ion per se is not  necessarily an indication 
of toxin product ion in a particular commodi ty ,  as toxin 
production seems to occur only in a narrower range of  
condit ions 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 impor tant  in aflatoxin product ion (14). 

In this s tudy,  the texture of the substrate, the barrier 
provided by the seed coats present on whole seeds, the 
influence and/or  compet i t ion 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 bet ter  substrate for 
mold growth,  sporulation and toxin product ion for both 
spices. Toxin product ion was significantly greater for anise. 
Steril ization and accompanying cooking via autoclaving 
also provided similar results for the parameters measured. 
Apparent ly ,  cooking (autoclaving) helped make nutrients 
more available and reduced microflora competion.  Other 
studies have reported greater aflatoxin product ion 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/ag/g of  the total  aflatoxin produced (15). Cocoa beans 
that were cooked produced nearly 400 lag/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 lag/g found in figs and less than 

0.1 #g/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 lag/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-level producing substrate.  

In the cumin cultures, B2 and G2 were not  formed. In 
the sterilized cultures, BI and Gl  were produced,  but in 
the cultures with natural flora, less B1 was produced and 
in the whole seed with natural f lora only BI 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. 

ACKNOWLEDGMENTS 

The authors appreciate the assistance of P.B. Ferrara and H.F. 
McGowan of the Commonwealth of Virginia, Department of General 
Services, Division of Consolidated Laboratory Services, Richmond. 

REFERENCES 

1. Schoental, R., Ann. Rev. Pharmacol. 1:343 (1967). 
2. Schindler, A.F., and W.V. Eisenberg, JAOCS 51:913 (1968). 
3. McMeans, J.L., J.J. Ashworth and W.A. Pons, Jr., Ibid. 45:575 

(1968). 
4. Scott, P.M., and B.P.C. Kennedy, Food Sci. Technol. (2) 8:124 

(1975). 
5. Hanssen, E., Med. Ernaehr. 12:249 (1971). 
6. Pal, N., and A.K. Kunder, Sci. Cult. 38:252 (1978). 
7. Jones, L.W., "A Treasury of Spices," American Spice Trade 

Association, New York, NY, 1956. 
8. Horwitz, W., P. Chichilo and H. Reynolds, "Aflatoxins: Offi- 

cial Methods of Analysis," Assoc. Off. Anal. Chem., Washing- 
ton, DC, 1975, Section 26014-26019. 

9. Golumbic, C., and M.M. Kulik, in "Aflatoxin Scientific Back- 
ground, Control, and Implications," edited by L.A. Goidblatt, 
Academic Press, New York, NY, 1969, pp. 307-333. 

10. Shotwell, O.L., M.L. Gouldin and C.W. Hesseltine, Cereal 
Chem. 51:492 (1974). 

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

12. Arseculeratne, S.N., L.M. DeSilva, S. Wyesundera and C.H.S.R. 
Banduntha, Ibid 18:88 (1964). 

13. Jones, B.D., in "Mycotoxic Fungi, Mycotoxin, Mycotoxicoses," 
edited by T.D. Wyllie and L.G. Morehouse, Marcel Dekker, 
Inc., New York, NY, 1977, pp. 190-200. 

14. Davis, N.D., and U.L. Diener, in "Toxic Micro Organisms," 
U.S. Dept. of Interior, 1968, pp. 43-47. 

15. Sherettz, P.C., T. Eadie, J.W. Young and G.C. Llewellyn, J. 
Assoc. Off. Anal. Chem. 59:622 (1976). 

16. Llewellyn, G.C., J. Benevides and T. Eadie, J. Food Protect. 
41:785 (1978). 

17. Morton, G.S., T. Eadie and G.C. Llewellyn, J. Assoc. Off. Anal. 
Chem. 62:958 (1979). 

18. Raghu, A., T. Eadie and G.C. Llewellyn, Ibid. 61:998 (1978). 

988A / JAOCS December 1981 


