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Abstract A series of p-menthane monoterpenes was
investigated to confirm any correlation between their bio-
activity (effect on seed germination and termite mortality)
and chemical structure. The germination percentages of
Brassica rapa seeds at a concentration of 0.1 mg/Petri dish
of (4)-pulegone, isopulegol, piperitone, (—)-dihydrocar-
veol, terpinen-4-ol and (—)-menthol were found to be 21.6,
27.3, 27.3, 29.1, 42.9 and 43.4, respectively. The lethal
concentration 50 values of carvacrol, (4)-pulegone, thymol,
(—)-menthol and (—)-terpinen-4-ol for termites (Reti-
culitermes speratus) were 0.34, 0.50, 0.65, 0.92 and 1.26
(mg/Petri dish), respectively. Of all the compounds tested,
phenols produced the highest levels of termite mortality,
with ketones and alcohols also showing bioactivity. An
assessment of the bioactivity revealed that the presence of a
phenol group was effective for termite mortality, with a
carbonyl group also showing strong bioactivity. The pres-
ence of an alcohol or isopropyl group in a ring also con-
tributed to the bioactivity, whereas the presence of an
isopropenyl group at the same position, however, exhibited
an inhibitory effect on seed germination. In conclusion, the
bioactivity of the p-menthane monoterpenoids was depen-
dent upon the presence and position of certain functional
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groups and the degree of saturation in the functional group
of the side chain.
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Introduction

Monoterpenes are a class of organic compounds composed
of two isoprene units and can be further classified as either
acyclic (e.g., myrcene), cyclic (e.g., p-menthanes) or
bicyclic (e.g., bornanes, fenchanes, caranes, pinanes and
thujanes) depending upon their molecular connectivities. In
addition to their basic hydrocarbon forms, they can exist as
the corresponding oxygenated compounds, containing
aldehyde, alcohol, ketone, ester and ether functionalities
[1, 2]. Monoterpenes have been isolated from the essential
oils of many higher plants. Essential oils are very complex
natural mixtures and, in the majority of cases, contain
somewhere in the region 20-60 components at quite dif-
ferent concentrations. Monoterpenes are an important class
of compounds in perfumery and flavor industries [3].
Thyme oil contains thymol, carvacrol, p-cymene and
v-terpinene as its major components [3, 4], and is used as a
flavoring in the processed food industry, as well as in soaps
and detergents [3]. Thyme oil has been shown to exhibit a
range of biological activities, including antimicrobial [5, 6],
antifungal [7], trypanocidal [8], and antioxidant activities [9].
Peppermint oil contains about 40 % menthol and 20 %
menthone, and is used in various medicinal, pharmaceutical,
cosmetic and perfumery products as well as in foodstuffs
[3, 10]. (—)-Menthol is a particularly important flavoring
compound and is used extensively in toothpastes and chewing
gums [2, 3, 11]. Peppermint oil is known to possess bioactiv-
ities such as antimicrobial [10], and genotoxic activities [12].
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p-Menthane monoterpenes are characteristic of thyme
and peppermint oils [2] and the bioactivities of both of
these oils are possibly related to the functions of p-men-
thane monoterpenes.

Recently, the essential oils of needles of Pinus thunbergii
and Cryptomeria japonica were found to be composed
predominantly of p-menthane monoterpenes at 19.8 and
27.1 %, respectively [13]. In addition, the monoterpenes
a-terpineol and terpinen-4-ol, both of which possess a
p-menthane skeleton, were identified as the bioactive
components of the needle essential oils of P. thunbergii and
C. japonica, respectively [13]. Of all of the compounds
contained within the essential oils, the bioactivity levels of
a-terpineol and terpinen-4-ol were found to be particularly
pronounced against plant seeds (Raphanus sativus and
Brassica rapa) and termites (Reticulitermes speratus) [13].
These findings suggested that the bioactivity of p-men-
thanes was affected by the presence of an alcoholic
hydroxyl group. With this in mind, a fundamental evalua-
tion of the correlation between the bioactivity of p-men-
thane compounds and their chemical structures would
therefore be required to develop a better understanding of
this particular series of compounds. There are, however, a
few reports on the chemical structure of p-menthane mon-
oterpenes with special reference to their effects on seed
germination and termite mortality. Therefore, in the present
study, p-menthane monoterpenes have been investigated
with the aim of confirming the structure—activity relation-
ship (SAR), in terms of their effect on seed germination and
termite mortality, and their chemical structure.

Materials and methods
Test samples

p-Cymene, a-terpinene, (—)-o-phellandrene, terpinolene, thy-
mol, carvacrol, (—)-terpinen-4-ol, trans-sobrerol, (—)-menthol,
isopulegol, (—)-carvone, piperitone and (+)-pulegone were
purchased from Tokyo Chemical Industry Co. Ltd. (Tokyo,
Japan). y-Terpinene, (4)-limonene and (—)-o-terpineol were
purchased from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan). p-Menthane, p-cymen-8-ol, 1,8-p-menthadiene-4-ol
and (—)-dihydrocarveol were supplied by Nippon Terpene
Chemicals, Inc. (Hyogo, Japan). (—)-Carveol was purchased
from Sigma-Aldrich Japan Co. LLC. (Tokyo, Japan). The
chemical structures of these compounds are shown in Fig. 1.

Seeds
In the present study, Raphanus sativus var. sativus and

Brassica rapa var. perviridis seeds were used, and were
provided by Takii & Co. Ltd. (Kyoto, Japan).

@ Springer

Germination test

The germination test was carried out according to a method
described previously in the literature [13]. The effects of
the p-menthane compounds on germination were tested on
the R. sativus and B. rapa seeds. A sample of each of the
compounds (50, 5 and 0.5 mg) was dissolved separately in
acetone (10 mL), and a portion (2.0 mL) of the resulting
solutions was poured onto a filter paper (90 mm diameter,
Advantec No. 2, Toyo Roshi Kaisha, Ltd., Tokyo, Japan) in
a Petri dish. In a control Petri dish, acetone (2.0 mL) was
only used. The acetone solvent was then removed by
evaporation over a period of 20 min in a fume hood.
Deionized water (10 mL) was then added to each of the
Petri dishes together with 20 seeds of R. sativus or B. rapa.
Petri dishes containing concentrations of 10.0, 1.0 and 0.1
(mg/Petri dish) of each of the compounds were prepared in
this way. The screening germination test was conducted
only at a concentration of 10.0 mg/Petri dish. Following on
from the screening test, germination tests were conducted
for the active components at concentrations of 1.0 and
0.1 mg/Petri dish. Each of the compound tests and control
treatments were performed in triplicate. The Petri dishes
were then covered and placed in a growth chamber
(Eyelatron FLI-301NH, Tokyo Rikakikai Co. Ltd., Tokyo,
Japan) at a temperature of 24 + 2 °C for 3 days (sequen-
tial 10 h photoperiods and 14 h dark periods).

The number of germinated individuals was recorded on
a daily basis throughout the experimental period to deter-
mine the germination percentage. The germination per-
centages were calculated according to formula (1) by
considering the control as 100 (%):

Germination percent of R. sativus (or B. rapa) (%)
= number of germinated seeds following
2 days(or 1 day) of the tests for each sample/number
of germinated seeds following 3 days of the
control tests x 100 (1)

Termites

Colonies of Reticulitermes speratus were collected from
the Institute of Wood Technology at the Akita Prefectural
University of Japan, in July 2009. The colonies were
maintained in a room at 20 + 2 °C for one and a half years
prior to the initiation of the test.

Termiticidal test

The test was conducted according to a method previously
described in the literature [13]. Each of the compounds
(10.0, 5.0, and 2.5 mg) was dissolved separately in acetone
(10 mL) and portion (2.0 mL) of each of the resulting
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Fig. 1 Chemical structures of
the monoterpenoids containing
a p-menthane skeleton
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solutions was poured onto a filter paper (90 mm diameter,
Advantec No. 2, Toyo Roshi Kaisha, Ltd., Tokyo, Japan) in
a Petri dish. In a control Petri dish, acetone (2 mL) was
only used. The acetone solvent was then removed by
evaporation over a period of 20 min in a fume hood.
Deionized water (1.5 mL) was then added to each of the
Petri dishes together with 20 active termites (workers).
Petri dishes containing concentrations of 2.0, 1.0 and 0.5
(mg/Petri dish) of each compound were prepared in this
way. Each compound test and control experiment was
conducted in triplicate. The Petri dishes were then covered
and placed in an incubator (ICV-450, As One Co., Osaka,
Japan) at a temperature of 25 &+ 1 °C (dark) for the entire
test period (1 h).

The numbers of surviving and dead termites were
counted following the tests to determine the percentage
mortality values. The percent mortality data were subjected
to probit analysis to calculate the lethal concentration
required to kill 50 % of the termites (LCsq) [14].

Statistical analysis

Test samples were compared using analysis of variance
(ANOVA), and the means were separated using a protected
Tukey—Kramer test (p < 0.05; Statcel 2, Saitama, Japan) [15].
The mean separation test followed transformation to arcsine
square root percent of seed germination and termite mortality.
The actual percentages are reported in Table 1 and Figs. 2 and 3.
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Table 1 Effect of p-menthane monoterpenes on the germination of

plant seeds’

Compound Germination percent (mean £ SD)"
R. sativus B. rapa
Hydrocarbons
p-Cymene 100.0 £ 11.5C 72.5 + 9.0abc
o-Terpinene' 65.3 & 9.6BC 58.8 & 5.9ab
y-Terpinene' 82.1 + 10.9C 75.0 £ 10.0bc
(—)-o-Phellandrene 76.1 £ 24.7C 65.4 £ 18.5abc
(+)-Limonene' 14.7 &+ 9.6A 78.8 £ 8.8bc
Terpinolene 23.9 4+ 3.8AB 40.4 + 8.0a
p-Menthane 87.2 £ 18.4C 87.7 £ 11.0c
Control 91.3 £ 4.7C 86.4 + 5.1c
Phenols
Thymol 0.0 + 0.0A 0.0 £ 0.0a
Carvacrol 2.0 £ 3.5A 0.0 £ 0.0a
Control 91.3 £4.7B 86.4 + 5.1b
Alcohols
p-Cymen-8-ol 0.0 =+ 0.0A 0.0 + 0.0a
(—)—Terpinen—4—01I 4.1 £5.0A 8.2 + 9.4ab
1,8-p-Menthadiene-4-ol 2.0 £ 3.4A 0.0 + 0.0a
(—)-Carveol 0.0 &+ 0.0A 0.0 + 0.0a
(—)—cx-TerpineolI 32 +53A 0.0 + 0.0a
Trans-sobrerol 43.5 £ 10.0B 722 + 11.1c
(—)-Dihydrocarveol 0.0 &= 0.0A 0.0 £ 0.0a
(—)-Menthol 22+ 38A 9.4 + 6.5b
Isopulegol 0.0 =+ 0.0A 0.0 + 0.0a
Control 91.3 £ 4.7C 86.4 + 5.1c
Ketones
(—)-Carvone 8.7 + 3.8B 11.3 £ 5.7b
Piperitone 0.0 + 0.0A 0.0 + 0.0a
(+)-Pulegone 0.0 = 0.0A 0.0 &£ 0.0a
Control 91.3 £4.7C 86.4 + 5.1c

I Some of test results were cited in the literature data [13]. Sample
concentration was 10.0 mg/Petri dish. Germination percent
(%) = number of germinated seeds after 2 days (or 1 day) of the tests
of each sample/number of germinated seeds after 3 days of the tests
of control x 100

T Means in the same column with the same letters are not signifi-
cantly different. Tukey—Kramer, p < 0.05

ns Not significant

Results

Effect of the p-menthane monoterpenes on seed
germination

Following days 2 and 3 of the test period, the actual ger-
mination percentages of the R. sativus control reached 72.4
and 78.0 %, respectively. Following days 1 and 3 of the
test period, the germination percentages of the B. rapa
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control reached 76.9 and 89.0 %, respectively. The ger-
mination percentages of each of the samples at a concen-
tration of 10.0 mg/Petri dish were expressed relative to the
percentages of the controls for the R. sativus and B. rapa
seeds (Table 1). Of the hydrocarbon type monoterpenes,
terpinolene showed inhibitory activity toward the seed
germination, whereas almost all of the phenol, alcohol and
ketone containing monoterpenes prevented the plant seeds
from germinating.

The germination percentages of the active components at
concentrations of 1.0 and 0.1 mg/Petri dish were expressed
relative to the percentages of the controls for the R. sativus
and B. rapa seeds (Figs. 2, 3). With the exception of ter-
pinolene, the germination percentages of the hydrocarbon
type monoterpenes for the R. sativus and B. rapa seeds at a
concentration of 0.1 mg/Petri dish were almost identical to
those of the control. The germination percentage of the R.
sativus seeds in the presence of thymol at a concentration of
0.1 mg/Petri dish was 68.9 %, revealing that thymol
exhibited a negligible inhibitory effect on the seed germi-
nation process. It was recognized that the hydrocarbons and
phenols showed only weak or no inhibitory activity against
both types of seeds. Of the alcohols at a concentration
of 0.1 mg/Petri dish, (—)-terpinen-4-ol, (—)-carveol and
(—)-menthol showed inhibitory effects on the R. sativus seeds,
with germination percentages of 14.4, 27.0 and 37.8 %,
respectively. The percentage of germination in the B. rapa
seeds in the presence of isopulegol and (—)-dihydrocarveol
were 27.3 and 29.1 %, respectively. The inhibitory effects
of these compounds were relatively high compared to those
of the other alcohols. The germination percentages of the
R. sativus seeds in the compounds containing ketones at a
concentration of 0.1 mg/Petri dish were 18.9, 20.0 and
31.1 % for piperitone, (+)-pulegone and (—)-carvone,
respectively. The germination percentages of the B. rapa
seeds in the presence of (4)-pulegone and piperitone were
21.6 and 27.3 %, respectively. Taken together, these data
demonstrate that all of the ketone containing compounds
exhibited significant inhibitory effects against both types of
seeds.

Termiticidal activity of p-menthane monoterpenes

The LCsq values for each of the samples are shown in
Table 2. The results show that the hydrocarbons did not
display any significant termiticidal activity, whereas the
phenolic compounds demonstrated significantly higher
levels of termite mortality than the controls, with carvacrol
and thymol being the most active of the p-menthane
compounds with LCsy values of 0.34 and 0.65 mg/Petri
dish, respectively. Of the alcohols, (—)-menthol and
(—)-terpinen-4-ol were also quite active, providing LCs,
values of 0.92 and 1.26 mg/Petri dish, respectively.
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Fig. 2 Effect of the p-menthane
monoterpenes on the
germination of the R. sativus
seeds’. 'Some of test results
were cited in the literature data
[13]. Each determination was
made with three replicates of
twenty seeds. Bars represent
standard deviations.
'Germination percent

(%) = number of germination
seeds of each sample after

2 days of the test/number of
germination seeds after 3 days
of the tests of control x 100.
"MMeans in the same column
with the same letters are not
significantly different. Tukey—
Kramer, p < 0.05
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Fig. 3 Effect of p-menthane
monoterpenes on the
germination of B. rapa seeds'.
Some of test results were cited
in the literature data [13]. Each
determination was made with
three replicates of twenty seeds.
Bars represent standard
deviations. "Germination
percent (%) = number of
germination seeds of each
sample after 1 day of the test/
number of germination seeds
after 3 days of the tests of
control x 100. ™Means in the
same column with the same
letters are not significantly
different. Tukey—Kramer,

p < 0.05. ns Not significant
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Table 2 LCs, values of the p-menthane monoterpenes against
termites’

Compound LCso 95 % Confidential
(mg/Petri dish) limits

Hydrocarbons
p-Cymene n.m."
o-Terpinene’ n.m.
y-Terpinene' n.m.
(—)-o-Phellandrene n.m.
(+)-Limonene! n.m.
Terpinolene n.m.
p-Menthane n.m.
Control n.m.

Phenols
Thymol 0.65 0.59-0.70
Carvacrol 0.34 0.19-0.46
Control n.m.

Alcohols
p-Cymen-8-ol 4.49 4.09-5.00
(—)—Terpinen—4—01I 1.26 1.18-1.32
1,8-p-Menthadiene-4-ol 3.96 3.64-4.32
(—)-Carveol 1.70 1.56-1.85
(—)-o-Terpineol" 1.71 1.61-1.83
Trans-sobrerol n.m.
(—)-Dihydrocarveol 1.85 1.60-2.09
(—)-Menthol 0.92 0.86-0.99
Isopulegol 3.67 3.40-3.98
Control n.m.

Ketones
(—)-Carvone 1.62 1.44-1.83
Piperitone 1.87 1.68-2.06
(+)-Pulegone 0.50 0.44-0.55
Control n.m.

''Some of test results were cited in the literature data [13].
LCso = lethal concentration for 50 % mortality. Each determination
was performed in triplicate for twenty worker termites

™ n.m. No mortality observed

In contrast, however, isopulegol, 1,8-p-menthadiene-4-ol
and p-cymen-8-ol showed only weak activities with LCjsq
values of 3.67, 3.96 and 4.49 mg/Petri dish, respectively.
The LCsq values of the ketones containing compounds
(+)-pulegone, (—)-carvone and piperitone, were 0.50, 1.62
and 1.87 mg/Petri dish, respectively. The insecticidal
activity of (4)-pulegone was greater than that of piperitone
and (—)-carvone.

Discussion

A previous study on the effects of monoterpenoids on the
germination of Lactuca sativa seeds showed that the

inhibitory effects of alcohols, phenols and ketones were
larger than those of the corresponding hydrocarbons [16].
Alicyclic monoterpene compounds containing a keto group
conjugated with a double bond in particular were high-
lighted as showing the largest inhibitory effects against the
germination of L. sativa seeds [17]. We have proposed that
the inhibitory effects of terpinen-4-ol and o-terpineol on
the germination of R. sativus and B. rapa seeds were
greater than those of bornyl acetate, a-pinene and B-pinene
[13].

In the present study, it was recognized that hydrocarbons
and phenols showed weak to no inhibitory effects against
the germination of both types of seeds, whereas alcohols
and ketones, with the exception of sobrerol, exhibited
stronger inhibitory effects. Although any correlation
between the effects and the number of hydroxyl groups
present in these compounds cannot be used as a definitive
indication of their activities, these data are in good agree-
ment with previous investigations carried out on activity
[16, 17]. In particular, the inhibitory effects of alcohols and
ketones against the germination of R. sativus seeds were
relatively larger than those encountered against B. rapa.

As shown in Fig. 3, the alcohol containing compounds,
isopulegol, (—)-dihydrocarveol, (—)-terpinen-4-ol, and
(—)-menthol, all exhibited greater inhibitory effects against
the germination of B. rapa seeds than any other p-men-
thane alcohols. The effect of the isopulegol was similar to
that of (—)-menthol, indicating that an isopropenyl group at
the C-4 position of the ring was almost equivalent to an
isopropyl group at the same position in terms of its effect.

The inhibitory effect of (—)-terpinen-4-ol was also
higher than that of (—)-o-terpineol, suggesting that the
hydroxyl group at the C-4 position of (—)-terpinen-4-ol
was contributing to the inhibition of B. rapa germination to
a greater extent than the hydroxyl group at the C-8 position
of (—)-a-terpineol. There was, however, no difference in
the inhibitory effects of isopulegol and (—)-dihydrocarveol,
indicating that a hydroxyl group could be well tolerated at
either the C-3 or C-2 positions without any adverse impact
on the observed levels of activity.

Reynolds observed that the hydrocarbons showed little
inhibitory activity on the germination of L. sativa seeds and
correlated this observation with their insolubility in water,
whereas monoterpenes bearing hydroxyl groups were on
the whole more active [17]. In our previous study, we
proposed that the increased water solubility of oxygenated
monoterpenoids corresponded well with their increased
inhibitory effect on seed germination [13].

It is possible that the performance with regard to the
inhibitory effect (B. rapa) was influenced by the position of
a hydroxyl group, with hydroxyl groups attached to ring
carbons providing higher levels of inhibition than those
attached to an isopropyl group. Further work is needed for
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p-menthane compounds containing hydroxyl groups to
thoroughly determine the impact of the relationship
between the stereochemistry and the inhibitory effect
observed in these compounds.

In a previous report from the literature, the termite
(Coptotermes formosanus) mortality within Cinnamomum
camphora wood was found to depend predominantly on the
camphor content in the wood meal [18]. Ohtani et al. [19]
identified o-terpinyl acetate and a-terpineol as the termi-
ticidal (C. formosanus) substances in Chamaecyparis
obtusa wood. Carvacrol was also reported to possess potent
insecticidal and acaricidal activities against a range of
agricultural, stored-product and medical arthropod pests,
and was the most active as a termiticide (R. speratus) [20].

In the present study, termite mortality was observed for
monoterpenoids bearing particular functional groups, with
the termite mortality of monoterpenes bearing phenols
being greater than that of those bearing alcohols and
ketones. Phenols were also more toxic toward termites than
p-cymen-8-ol, and it was recognized that the presence of a
phenol hydroxyl group on the benzene ring contributed
more to the insecticidal activity than any alcoholic
hydroxyl group attached to the isopropyl group.

As shown in Table 2, a comparison of the termite
mortalities caused by (—)-terpinen-4-ol and (—)-o-terpin-
eol indicated that a hydroxyl group at the C-4 position of
the ring induced greater mortality than a hydroxyl group at
C-8 position on the isopropyl group. In addition, (—)-car-
veol and (—)-dihydrocarveol showed higher levels of
activity than 1,8-p-menthadien-4-ol and isopulegol, indi-
cating that the termite mortality of the compounds was
affected by the position of the hydroxyl group.

The termite mortalities of (—)-terpinen-4-ol and
(—)-menthol were significantly higher than those of 1,8-p-
menthadiene-4-o0l and isopulegol, indicating that the pres-
ence of an isopropyl group at the C-4 position of the ring
appeared to induce greater mortality than an isopropenyl
group at the same position. The termite mortality of
(—)-carveol, however, was found to be similar to that of
(—)-dihydrocarveol, and the presence of a double bond at
the C-1 position of the ring did not lead to decrease in the
level of mortality.

The termiticidal activity of (+)-pulegone was greater
than the values found for both (—)-carvone and piperitone,
indicating that an external double bond at the C-4 position
of the saturated six-membered conjugated with a ketone
provided a more potent level of activity than the corre-
sponding unsaturated six-membered ring with an o,f-
unsaturated ketone with the double portion internal to the
ring.

For the valencenoid derivatives, in terms of their repel-
lant activity against termites (C. formosanus), a reduction
of the 1,10-double bond (1,10-dihydronootkatone and
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tetrahydronootkatone) produced compounds that were more
repellent than nootkatone [21]. The isopropenyl group
probably did not participate in the binding as evidenced by
the absence of a significant difference in the repellent
activities of nootkatone, isonootkatone and 11,12-di-
hydronootkatone [21]. In relation to the suppression of the
furylfuramide-induced SOS response activity in the umu test
using Salmonella typhimurium, the strength of suppression
was related to the saturated six-membered ring, and the
inhibition of the suppressive effect by (+)-menthol was
stronger than that of isopulegol, indicating that the presence
of an isopropenyl group led to a decrease in the strength of
the inhibitory effect [22].

In the present study, the presence of a hydroxyl group in
the ring of p-menthane alcohols provided a higher level of
termite mortality than a hydroxyl group in the corre-
sponding side chain. Furthermore, alcohols containing a
saturated side chain showed a higher mortality level than
those with an unsaturated side chain. The mortality of the
p-menthane alcohols was affected by the position of the
hydroxyl group and the saturation fraction of the functional
group in the side chain.

In our previous work, the components, which were
classified as p-menthane alcohols, provided an increase in
water solubility that corresponded well with the associated
reduction in the germination rate and LCsq values of the
termites [13]. In this study, p-menthane alcohols, phenols
and ketones were bioactive against plant seeds and ter-
mites. The results suggested that the bioactivities of these
compounds were affected by their solubility in water,
which affected their mechanism of action. Although sobr-
erol is one of the p-menthane alcohols, it exhibited a lower
level of bioactivity, suggesting that the bioactivities of the
compounds were not only affected by their water solubility,
but also by their hydrophobicity.

In conclusion, the bioactivity of p-menthane monot-
erpenoids was dependent upon the presence and the
position of certain functional groups and the degree of
saturation fraction in the side chain functional group. A
phenolic hydroxyl group was effective for termite mor-
tality, whereas the presence of a carbonyl group provided
a strong inhibitory effect on seed germination, and pro-
moted termiticidal activity. In particular, this position
was relevant for estimating the performance of p-men-
thane alcohols because the alcoholic hydroxyl group in
the ring had been shown to have an inhibitory effect on
seed germination and termite mortality. Although an
isopropyl group in the ring also provided an inhibitory
effect and termiticidal activity, the presence of an iso-
propenyl group in the ring showed a particularly marked
inhibitory effect. Therefore, the selective bioactivity
corresponded to the difference in isopropyl and isopro-
penyl groups.



J Wood Sci (2013) 59:229-237

237

More work is needed on other compounds containing
the p-menthane skeleton to establish any further correla-
tions between the bioactivity and chemical structure of
compounds from this particular structural class.
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