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The attractancy of cheddar cheese for the
cheese mites, Tyrophagus putrescentiae, was not
due to one component in the cheese, but to

multicomponents. In the previous paper,V four

methyl ketones, heptan-2-one, octan-2-one, nonan-

2-one and 8-nonen-2-one, were reported as the
cheese mite attractants in the main attractive
fraction separated from the cheese. These ketones
were individually inactive or less active, but their
mixture showed a synergistic attractancy for the
mites. We noticed also that their attractancy
was increased by combining other components in
the cheese. This paper describes the identification
of 3-methylbutanol as another attractive factor
in the cheese and its synergism with the above
methyl ketones.

Experimental

Bioassay with an Odor Trap Tube Olfactometer
(Fig.1).

The cheese mites were reared on a dried yeast
and starved for one day prior to the test.” Two
gathered pieces of filter paper (5X30mm) loaded
with an amount of testing material were placed
in two s-tubes (1 dia. X6cm long), and two papers
without any material were in the other two c-
tubes. All tubes were arranged in a cruciform
pattern in a petri dish (15cm dia.), with their
open ends pointing toward the outside. A few
thousand of the mites of all stages and both sexes
were introduced in the center of the dish,‘which
was then placed on a basin filled with water and

“held in the dark at 25+5°C for one hour. The
mites which migrated to each tube were killed

Fitzic 3-methylbutanol %Lz, 3-

Fig. 1. Odor trap tube’ olfactometer for- the

cheese mite," ;

Each tube contains a fxlter paper loaded
with or without a test material. The
cheese mites. were introduced in the
center of the dish.

by adding hot water and then counted under a
microscope after pouring the water on a filter
paper. The degree of attractancy was expressed
as follows:.

Attractancy (%) —ﬁ_c_ %100

where S and C were numbers of trapped mites
in s and c-tubes, respectively. Statistically, the
attractancy over 65% was significantly associated
with the presence of the attractant, but 70% or
more was usually adopted as an indication of
attractancy.

In order to establish the semiquantitation of a
test material and the detection of its synergism,
the above method was applied to a cross fest,in
which a standard material was placed into c-
tubes, and the attractancy of a sample in s-tubes
was expressed as indicated above. By an analysis
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Fig. 2.

Procedure for isolation of cheese mite attractants from cheese.

* A denotes the attractancy of distillate and A X1/6 denotes that the attractancy
of the combined fractions 4,5 and 6 was the one sixth of A.

of the attractancy-dose relationship on the sample,
the semiquantitation and the detection of its
synergism could be determined.
Main Attractive Factors for the Cheese Mites.
From the main attractive fraction in cheddar
cheese (Figs.2 and 3), heptan-2-one, octan-2-one,
nonan-2-one and 8-nonen-2-one were identified
as cheese mite attractants. Among them, 8-nonen
-2-one was found not only as a new component
in cheese volatile but also the first case as a
natural product, which was shown to be identical
with the synthetic one by combined gaschroma-
tography and mass-spectroscopy (Fig. 4). These
methyl ketones were individually inactive or less
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Fig. 3. Gas chromatogram of Fr.6 in the main

attractive fractions.

Other methyl ketones such as undecan
-2-one and tridecan-2-one were also
identified from the main attractive
fractions, but they were not involved in
the attractancy.

active, but their mixture was considerably more
attractive (Table 1), Fig. 5 indicates that the
methyl ketones showed a synergistic attractancy
for the mites and that their mixture was almost
comparable to the attractancy of 0.1g of cheese
at the level of 1.0ug per tube.

Table 1. Attractancy of inethyl ketones in
cheese for cheese mites.

Attractancy (%/ug/tube)

0.1 1.0 10

heptan-2-one 44.2+10.1 54,247.9 48.0+13.2
octan-2-one 64.7:+ 4.3 66.316.9 66.2+ 3.6
nonan-2-one 68.8+ 5.1 60.8+5.8 65.3+ 5.3

8-nonen-2-one 62.5+£14.0 81.0+8.9 71.5+13.2

71.1+ 9.7 78.3+9.1 71.7+10,0

Methyl ketones

mixture®

* Mixture of heptan-2-one, octan-2-one, nonan-
2-one and 8-nonen-2-one in the ratio of 5:1:
1:1.

Identification of Cheese Alcohols.

It was indicated that attractive factors other
than the methyl ketones were included in alcoholic
fractions (Frs. 7-13) and esteric fractions (Frs. 1-3)
as shown in Fig. 2.

The eluates obtained with the polar solvent
system of more than 209 ether in n-pentane from

various runs were recombined to yield 365mg
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Fig. 4. Combined gas chromatography-mass spectrometry of 8-nonen-2-one as a new

cheese volatile.

* A mixture of isolated and synthetic 8-nonen-2-ones gave a single peak of the

retention time of 21,61 minutes.

GLC condition: Hitachi K-53 gas chromatograph, 0.5mm i.d. Xx45m column
packed with MBM, column temp.; isothermal at 270°C, carrier
gas; He 1.0kg/cm? (inlet press.),

MS condition: Hitachi RMU mass spectrometer, ionizing volt; 70eV.

which was estimated to be from approximately
200kg of cheese. (1.8%x107%% of cheese). The
eluate (330 mg) were subjected to a-silica gel
chromatography (60g in 3xX23cm column), eluted
successively with #-pentane (100m!), 30% ether in
n-pentane (200m/), 509 ether in n-pentane (100m/),

" ether (200m!), acetone (100m/) and methanol

(100m!), and separated into ten fractions. Almost

"all the materials were concentrated in fractions

6 and 7 which were the eluates with ether, and
they showed slight attractancies.

Co-gas Chromatography: Fractions6 and 7 were
gas-chromatographed as shown Fig. 6. By the
co-gas chromatography with authentic samples,

the folloiwng alcohols were shown in each fraction
(Table2) ; 2-pentanol, 3-methylbutanol, 2-heptanol
and 2-nonanol in Fr.6; 2-butanol, #-butanol, 2-
pentanol, 3-methylbutanol, n-pentanol, 2-heptanol
and n-hexanol in Fr.7,

3, 5-Dinitrobenzoate Derivalives: The eluate in
fraction 6 or 7 in one ml! of dry pyridine was
treated with approximately 100mg of 3,5-dini-
trobenzoyl chloride at room temperature overnight
and diluted with ether. From the ethereal solution,
the 3,5-dinitrobenzoates were obtained by an
ordinary method and gas-chromatographed (3mm
i. d. X2m column packed with 1095 SE-30 on celite
545, isothermal at 250°C, flow rate of He gas;
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Fig. 5. Relative attractancy of methyl ketones
’ to neutral volatiles of cheese.

A(@)*...Y=9.6 logA+49.7,a mixture
of heptan-2-one, octan-2-one,
nonan-2-one and 8-nonen-2-
one in the ratio of 5:1:1:1.

B((D)*...Y=10.9logA-+38. 6, a mixture
of heptan-2-one, octan-2-one
and nonan-2-one in the ratio
of 5:1:1.

C(O)*...Y=7.7 logA+33. 8, a mixture
of heptan-2-one, nonan-2-one
and 8-nonen-2-one in the
ratio of 5:1:1.

D(@)*...Y=7.0 logA+26.3,a mixture
of octan-2-one and 8-nonen-
2-one in the ratio of 1:1.

* Each mark indicates an average of six
repetitions. Cheese neutral volatiles at the
concentration of 0.lg equivalent of cheese
was placed in c-tube as a standard material.

37.5ml/min.). Components listed in Table 2 were
detected by comparing the retention data with the
authentic derivatives. Furthermore, individual
peaks on the gas chromatogram were collected
and cochromatographed on thin layer plates
(Table 2). 3-Methylbutyl 3, 5-dinitrobenzoate was
identical with the authentic one on an infrared
spectrum, and its mass spectrum showed diagnostic
fragments of 3-methylbutyl group at m/e 282
(M%), 267(M-CHjy), 252(M-2CH;) and 239 (M-CH
(CHy)z). '

Attractancy of Identified Alcohols for the Cheese

4

Mites.

Individual alcohol identified from cheese was
diluted with 4-folds of liquid paraffin, and subjected
to the attractivity test at concentrations of 0.1,
1.0 and 10pg per tube (Table 2).

3-Methylbutanol was the most attractive, and
n-hexanol and 2-nonanol were slightly attractive.
The mixture of the primary alcohols such as n-
butanol, 3-methylbutanol, #n-pentanol and n-
hexanol in the ratio of 5:2:1:1 was prominently
active, whereas the mixture of the secondary
alcohols such as 2-pentanol, 2-heptanol and 2-
nonanol in the ratio of 6:5:1 was only slightly
attractive. The effect of 3-methylbutanol to other
primary alcohols (the mixture of n-butanol, n-
pentanol and s-hexanol in the ratio of 5:1:1) was
examined by the cross test with the mixture of
four primary alcohols in c-tubes as a standard
material (Fig. 7). It wasshown thatthe attractancy
of 3-methylbutanol was not increased by combining
it with other primary alcohols, indicating that the
attractancy of alcoholic fractions could be rep-
resented with that of 3-methylbutanol.
Synergistic Attractancy between the Methyl Ketones
and 3-Methylbutanol. :

The synergistic increase of attractancy was
observed by recombining the ketonic and the
alcoholic fractions separated from cheese (Fig.2),
from which four methyl ketones and 3-methyl-
butanol, respectively, were identified as attractive
factors. For further demonstration of the syn-
ergism between the methyl ketones and 3-methyl-
butanol, three samples: the mixture of heptan-
2-one, octan-2-one, nonan-2-one and 8-nonen-2-
one in the ratio of 5:1:1:1; 3-methylbutanol;
and the mixture of the ketones and the alcohol
in an equal ratio, were compared. Five pug of
3-methylbutanol was used as a standard material
in c-tubes. Fig. 8 shows that the attractancy of
the mixed methyl ketones was superior to that
of 3-methylbutanol, and that the whole combination
synergistically increased the attractancy.

Discussion

Though aliphatic ketones have been known to
be alarm substances for some ants,?-%they have
never been reported as a food attractant. The
four methyl ketones identified as main attractive
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Fig. 6. Gas chromatograms of alcoholic fractions separated from cheese.

GLC condition: JGC-750 gas chromatograph (TCD detector),3mm i.d. X2m column
packed with 20% PEG-20M on 60-80 mesh celite 545, column
temp.; isothermal at 60°C for 5min., then temperature programmed
8°C/min. to 190°C, carrier gas; He 35ml/min., bridge current;
100maA.,

Table 2. Identified cheese alcohols and their attractancies for cheese mites.

Fr.6 Fr.7 tR/tR® (R/tR® Rf® 0.1 L0 10
1 1 ethanol 0.230 0.562 0.689 51.2+ 3.5 62.5+10.8 57.0+ 5.6
—_ 3 2-butanol 0.338 0.730 1.111 655.2+ 4.3 53,0+ 7.3 56.7+ 3.2
— 5 n-butanol 0.689  0.873 1. 000 52.6+ 5.9 545+ 7.2 51.8+ 6.7
5 5 2-pentanol 0.689 0.873 1.244 46.8+ 6.3 53.8+12.0 57.3+ 2.3
6 6 3-methylbutanol 1. 000 1. 000 1.132 61.44 9.9 86.0+ 8.2 95.7+ 0.4
— 7 n-pentanol 1.210 1.120 1.122 68.7+ 6.0 59.8+ 6.3 64.2+ 5.2
9 8 2-heptanol 1.487 1.389 1.400 64.3+ 6.1 63.5+ 9.2 -61.8+10.3
— 9 n-hexanol 1.615 1.448 1.290 55.0+ 1.4 55.7+ 5.7 69.2+ 8.4
13 — 2-nonanol 2.025 2,190 1. 495 58.8+ 7.2 63.5+ 9.2 70.7+ 4.6
— — mixture of 1-ols¢® — — — 74,5+ 5.8 88.2+ 1.4 93.7+ 3.6
-— — mixture of 2-olst®’ — — — 48.3+10.1 50,8418.3 73.0+ 4.6

(a): Relative retention time caluculated on basis tR/tR of 3-methylbutanol=1, 000.

(b): Relative retention time caluculated on basis tR/tR of 3-methylbutyl 3,5-dinitrobenzoate=
1.000 at 250°C of column temperature.

(c): Relative Rf-value caluculated on basis Rf/Rf of n-butyl 3, 5-dinitrobenzoate=1. 000, developer;
n-hexane-AcOEt(9:1).

(d): Mixture of n-butanol, 3-methylbutanol, #-pentanol and #-hexanol in the ratio of 5:2:1:1.

(e): Mixture of 2-pentanol, 2-heptanol and 2-nonanol in the ratio of 6:5:1.
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Fig. 7. Additive effect on attractancy of cheese

alcohols.
A: 3-methylbutanol.
B: a mixture of n-butanol, n#-pentanol
and n-hexanol in the ratio of 5:1:1.
A+B: a mixture of n-butanol, 3-methyl-
butanol, n-pentanol and s-hexanol
in the ratio of 5:2:1:1.
Five pg of the mixture of four alcohols
(A+B) was used as a standard material in
c-tube. Data from six repetitions.
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Fig.8. Synergistic increase in attractancy from
methyl ketones by 3-methylbutanol.

A: a mixture of heptan-2-one, octan-2-
one, nonan-2-one and 8-nonen-2-one
in the ratio of 5:1:1:1.

B: 3-methylbutanol.

A+B: a mixture of A and B in an equal
ratio,

Five pg of 3-methylbutanol was used as a

standard material in c-tube. Data from

six repetitions,

principles did not individually show any significant
attractancy except 8-nonen-2-one. Among syn-
thetic isomers of 8-nonen-2-one (frans and cis-
43, trans-45, trans-46, trans and cis-47), only
cis-3-nonen-2-one showed slight attractancy, but
it was inferior to 8-nonen-2-one.®

Reactions of the neutral volatiles from the
cheese with several chemical reagents resulted
in a considerable decrease of attractancy, par-
ticularly by 3,5-dinitrobenzoylation.” This fact
meant that the 3-methylbutanol had been removed
from the attractive mixture by the reaction. The
prominent attractancy of 3-methylbutanol was
not observed in 2-methylbutanol, 2-pentanol and
n-pentanol, but 4-methylpentanol was comparable
to 3-methylbutanol. From these results, it is
suggested that terminal hydroxyl and terminal
branched methyl groups are required for the
partial structure of alcohols in order to show their
attractancies to the mites.

The definite quantitation of the synergism for
these attractants was not obtained since the
numbers of mites introduced to the test varied;
however, the synergistic effect observed in cheese
was apparently simulated in the synthetic mixture
of heptan-2-one, octan-2-one, nonan-2-one, 8-
nonen-2-one and 3-methylbutanol. In general,
the methyl ketones and 3-methylbutanol in dairy
products were fermentatively biosynthesized
from fatty acids of milkfats and L-leucine, re-
spectively.®® This leads to a speculation that the
level of these precursors in dairy products and
the extent of their fermentative decompositions
may be related to their attractancies for the
mites.

The preliminary study on the relative attractancy
of some dairy products indicated that the attractive
substances in skim milk, dry whole milk, cheddar
cheese and blue cheese were found to be concent-

.rated in neutral volatiles, and that the relative

attractancies were 15:43:100:156.1 The slight
activity of skim milk may be due largely to the
lack of milkfats, and the existence of milkfats in
dry whole milk reflected on its attractancy. A
fermentative process promoted the production of
3-methylbutanol as well as the methyl ketones
in case of cheese, particularly, blue cheese. These
relationship suggests that the difference in the
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ratio of the methyl ketones and 3-methylbutanol
in dairy products may be the determining factors
of their attractancy for the mites, and that these
attractants also may be one of the factors on the
host selection of cheese mites,
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Summary

Besides methyl ketones, such as heptan-2-one,
octan-2-one, nonan-2-one and 8-nonen-2-one,
another attractive principle in cheddar cheese
was identified. This was 3-methylbutanol, which
showed the synergistic attractancy for the cheese
mite, Tyrophagus putrescentiae, by mixing with
the above methyl ketones. These components
were considered to be important factors for the
attractancy of dairy products to the cheese mite.
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Introduction

The application of systemic organophosphorus
insecticides to soils offers an advantageous method
of pest control because of their ecologically
selective toxicities to the phytophagous insect

pests and labour saving for their application.
Most studies on the fate of pesticides in soils
have been confined to chlorinated hydrocarbon
insecticides and organic herbicides, and there are
few reports on organophosphorus insecticides,
especially systemic organophosphates. Since it is
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