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EFFECTS OF p-METHOXYCINNAMALDEHYDE FROM STAR ANISE
AND RELATED CINNAMIC ACID DERIVATIVES
ON VELVETLEAF GERMINATION

REBECCA B. WOLF

Northern Regional Research Center, Agricultural Research Service,
U.S. Department of Agriculture,’ Peoria, llinois 61604

In our continuing search for natural
compounds that may have potential for
use as herbicides, we found that extracts
of star anise (I//icium verum Hook.) fruit
inhibited  velvetleaf  germination.
Further investigation showed the com-
ponent responsible was p-methoxycin-
namaldehyde (PMCA). Although previ-
ously unknown to occur in star anise,
this compound has been found in various
other plants, including sweet basil
(Ocimum  basilicum L.) (1), Limnophila
rugosa (Roth.) Merrill (2), Artemesia
dracunculus L. (3), Sphaeranthus indicus L.
(4), Agastache rugosa (Fischer & C.
Meyer) (5), and Acorus gramineus Ait. (6);
it is also a flavor component of baked
potatoes at 0.06% (7). Of those sources
with reported concentrations, Sphaeran-
thus indicus contains the greatest amount
of PMCA with 7.4% of above-ground
plant parts.

The present study undertook to quan-
titate PMCA in the fruit of star anise and
to determine its activity against velvet-
leaf germination. Additionally, six
similar compounds were investigated in
order to compare structure/activity re-
lationships.

MATERIALS AND METHODS

EXTRACTION AND IDENTIFICATION OF
PMCA.—Approximately 100 g of dried star anise
(. verum) fruit (seed +hull) were ground in a cen-
trifugal grinding mill (Brinkmann model #192)
to a fine powder and extracted in a Soxhlet appa-
ratus with 250 ml hexane for 24 h. The extract
was reduced on a rotary evaporator, yielding

"The mention of firm names or trade products
does not imply that they are endorsed or recom-
mended by the U.S. Department of Agriculture
over other firms or similar products not men-
tioned.

about 8 g residue. This was applied to a silica
(Mallinckrodt, 60-100 mesh type 60 A special)
column and eluted with 250 ml Me,CO-hexane
(1:9). The resulting fraction was further separated
by hplc {Partisil PAC M9 column, Whatman,
with Me,CO-hexane (1:9) using a differential re-
fractometer as detector]. Ge/ms and nmr (8,9)
elucidated the identity of PMCA. Each step was
followed by bioassay (see below). Tlc plates (0.25
mm  silica, Brinkmann) were developed in
Me,CO-hexane (1:1), and spots were visualized
under shortwave uv light).

QUANTITATION OF PMCA.—Another hexane
extraction of 64 g of fruit was conducted as above.
This was followed by a 24-h Me,CO extraction,
which yielded no PMCA as detectable by tlc. The
hexane extract was diluted to a known volume
and analyzed by hplc (as above, except with a uv
detector at 320 nm) with B-ionone (Distillation
Products Industries, Rochester, NY) as an inter-
nal standard. The extract alone showed no peak at
the same elution time as the internal standard. A
calibration curve was prepared using seven mix-
tures of authentic PMCA and B-ionone. All sam-
ples were analyzed twice and the resules averaged.

B1oAssAY.—Seeds were sown on treated filter
paper in petri dishes, 20 per dish and 2 dishes per
treatment; H,O was added, and the dishes were
wrapped in foil (10). Seeds were incubated for 4
days uniformly, after which the number of germi-
nated seeds was recorded. For every two treat-
ments, a blank control was added. Germination
of controls varied from 85 to 100%. Bioassays of
authentic compounds were conducted at least
twice. Sources of chemicals were: cinnamal-
dehyde and cinnamyl alcohol, Aldrich, Mil-
waukee, WI; o-methoxycinnamaldehyde, ICN
Pharmaceuticals, Plainview, NY; p-methoxycin-
namic acid, Lancaster Synthesis, Led., Win-
dham, NH; cinnamic acid, Eastman Kodak,
Rochester, NY; and anethole, Sigma, St. Louis,
MO.

RESULTS AND DISCUSSION

Mass spectra obtained of authentic p-
methoxycinnamaldehyde and of the un-
known isolated from star anise were
identical. Nmr analysis matched exactly
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that of PMCA published by Liptaj, er a/.
(11). Although the composition of star
anise has been studied extensively (12-
15) because of the use of its oil as a flavor-
ing, this compound had not been previ-
ously found in the plant. This may be
due to the fact that it occurs in only a
trace amount, 0.01% as determined by
methods discussed above. It is found in
essential oils of other seeds to a much
greater extent: as previously mentioned
7.4% in S. indicus (4); 2.5% in A. rugosa
(5), and 1% in A. gramineus (6).

After 4 days exposure to a 2.5 mM
dose of PMCA, essentially no velvetleaf
seeds germinated (Table 1). A 1-mM
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the same system. o-Methoxycinnamal-
dehyde has also been reported to exhibit
antifungal activity at a dose as low as 0.6
mM (18). However, it was determined
that the acute LDy, in rats of this isomer
exceeded 5 g/kg (19).

Of all the compounds tested, cin-
namaldehyde was the most active
against velvetleaf germination (Table 1).
Only about half as many seeds germi-
nated when exposed to 1 mM of this
compound as did in the controls. This
suggests that the addition of the
methoxy group limits antigermination
activity. This hypothesis is supported by
comparing p-methoxycinnamic acid

TABLE 1. Effect of Cinnamic Acid Derivatives on Velvetleaf Seed Germination
Percent Germination, Relative to Controls
Compound

5 mM 2.5mM 1 mM
p-methoxycinnamaldehyde . . . . . . . . . .. la* 8a 83cd
o-methoxycinnamaldehyde . . . . . . . . . .. Oa 3a 77 b
p-methoxycinnamicacid . . . . . . .. .. .. 83cd 83cd 107 e
cinpamicacid . . . . . . .. ... ... ... 5a 77 be 100de
cinnamaldehyde . . . . . . . . ... ... L. Oa Oa 57b
cinnamylalcohol . . . . . .. ..o Oa Oa 73bc
anethole . . . . . . . .. ... .. ..... 95d 100 de 98de
controls . . . . . . . . . ... ... 100 de 100 de 100de

*Values followed by the same letter are not statistically different at the 0.05 level by Chi-square 1-tail

test.

dose did not affect the seeds. It appears
that o-methoxycinnamaldehyde was
slightly more active inasmuch as a 1-
mM dose of it caused a reduction in ger-
mination that was significantly different
from controls. However, the data from
these two compounds are within statisti-
cal range of each other. Few reports on
the biological activities of these natural
chemicals are available. The Flavor and
Extract Manufacturers’ Association has
determined that human consumption
levels of PMCA should not exceed 2 to 5
ppm (“generally recognized as safe”), de-
pending on the type of food involved
(16). However, it is known that a 0.05
mM dose of this compound causes 50%
inhibition of cyclic AMP phosphodies-
terase activity (17). In this case, the
other isomer was slightly less active in

with cinnamic acid: a 5-mM dose of the
latter effectively inhibits germination
whereas the same amount of the former
has no effect.

Cinnamyl alcohol compares closely
with the methoxy aldehydes and is more
active than cinnamic acid. Anethole (1-
methoxy-4-propenylbenzene)  showed
no effect on velvetleaf germination
whatsoever. As the major constituent of
star anise oil, it has been presumed to be
an inhibiting component in several
bioassays (e.g., insecticidal, bacterici-
dal, fungicidal) (20,21,29,31), and in
larger doses it may inhibit this species as
well. It is also possible that anethole may
act synergistically with some of the cin-
namic acid derivatives present.

In reviewing the data, it appears that
aldehydes and alcohols are more active
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against velvetleaf germination than
acids. Relatively little data are available
comparing these compounds in other
biological systems; however, cinnamic
acid (22-25), cinnamaldehyde (26-29),
and anethole (21,28-32) have all been
reported to inhibit various activities,
from fungal growth and toxin produc-
tion to insect pupation. Interestingly,
cinnamic acid also stimulated the germi-
nation of several plant seeds in very low
doses (33). Cinnamaldehyde and, more
prevalently, anethole are used as flavor-
ings and perfumes in many products
(12,34) and reputedly have very low
toxicities (34, 35).

ACKNOWLEDGMENTS

The author thanks D. Weisleder for nmr and
R. England for gc/ms analyses. Star anise fruit
was supplied by Dr. C.Y. Hopkins (retired), Na-
tional Research Council, Ottawa, Canada.

LITERATURE CITED

1. D. Pogany, C.L. Bell, and E.R. Kirch,
Perfum. Essent. Otl Rec., 59, 858 (1968).

2. S.G. Agarwal, R.K. Thappa, V.N. Vash-
ist, C.K. Atal, and R. Gupta, Indian J.
Pharm., 37,99 (1975).

3. H. Thiemeand N.T. Tam, Pharmazie, 27,
255 (1972).

4. 8.S. Nigam and A.K. Rao, Riehst., Aro-
men., Koerperpflegem., 18, 75 (1968).

5. Y. FujitaandS. Fujita, Nippon Kagaku Zas-
shi, 86, 635 (1965); Chem. Abstr., 65:
20616.

6. Y. Fujita, S. Fujita, and W.-H. Huang,
Yakugaku Zasshi, 91, 132 (1971); Chem.
Abstr., 74: 130278k.

7. E.C. Coleman, C.T. Ho, and 8.S. Chang,
J. Agric. Food Chem., 29, 42 (1981).

8. G.F. Spencer, R.B. Wolf, and D. Weis-
leder, J. Nat. Prod., 47, 730 (1984).

9. R.B. Wolf, G.F. Spencer, and R.D. Platt-
ner, J. Nat. Prod., 48, 59 (1989).

10. R.B. Wolf, G.F. Spencer, and W.F.
Kwolek, Weed Sci., 32, 612 (1984).

11. T. Liptaj, M. Remko, and J. Polcin, Co/-
lect, Czech. Chem. Commun., 45, 330
(1980).

12. E. Guenther (ed.), “The Essential Oils,”

13.
14.
15.
16.

17.

18.
19.
20.
21.
22.
23.
24.
25.

26.

27.
28.
29.

30.

31

32.

33.

34.

35.

[Vol. 49, No. 1

vol. V.D. Van Nostrand Co., Inc., Prince-
ton, 1952, pp. 361-368.

J. Knackstedt and K. Herrmann, Z.
Lebensm. Unters. Forsch., 173, 288 (1981).
H.M. Okely and M.F. Grundon, J. Chem.
Soc., Perkin Trans. 1, 3, 897 (1981).

J.M. Schulzand K. Herrmann, Z. Lebensm.
Unters. Forsch., 171, 278 (1980).

B.L. Oser and R.A. Ford, Food Technol.
(Chicago), 32, 60 (1978).

T. Nikaido, Y. Sung, T. Ohmoto, and U.
Sankawa, Chem. Pharm. Bull., 32, 578
(1984).

S. Moruzumi, Appl. Environ. Microbiol.,
36, 577 (1978).

D.L.]. Opdyke, Food Cosmet. Toxicol., 138,
845 (1975).

P. Rockwell and I. Raw, Nutr. and Cancer,
1, 10(1979).

C. Marcus and E.P. Lichtenstein, J. Agric.
Food Chem., 27, 1217 (1979).

B. Singh, K.L. Bajaj, and I.S. Bhatia, Acta
Mycol., 16, 89 (1980).

H.H. Cameron and G.R. Julian, J. Chem.
Ecol., 6, 989 (1980).

M. Tissut, D. Chevallier, and R. Douce,
Phytochemistry, 19, 495 (1980).

J.C. Reese, Entomol. Exp. Appl., 24, 625
(1978).

N. Kurita, M. Miyaji, R. Kurane, and Y.
Takahara, Agric. Biol. Chem., 45, 945
(1981).

R.T. Yousef, M.E. Aggag, and G.G.
Tawil, Mykosen, 21, 190 (1978).

V.A. Majett and R.R. Suskind, Contact
Dermatitis, 3, 16 (1977).

R.T. Yousef and G.G. Tawil, Manuf.
Chem. Aerosol News, 50, 59 (1979).

A.B. Swanson, D.D. Chambliss, J.C.
Blomquist, E.C. Miller, and J.A. Miller,
Mutat. Res., 60, 143 (1979).

H. Hitokoto, S. Morozumi, T. Wauke, $.
Sakai, and H. Kurata, App/. Environ.
Microbiol., 39, 818 (1980).

Y.R. Naves, Compt. Rend., 246, 1734
(1958).

A.P. Volynets, Z.K. Tikhon, L.A. Pal-
chenko, and N.F. Volokhovich, Vestss
Akad. Navuk, BSSR, Ser. Biyal. Navuk, 3,
S (1978); Chem. Abstr., 89: 85696S.

“The Merck Index.” 8thed., 1968, pp. 82,
264.

A. Sporn, I. Dinu, and V. Stanciu, Igiena,
14, 339 (1965); Chem. Abser.. 64: 10293a.

Received 8 August 1985



