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Scent of a mite: origin and chemical characterization
of the lemon-like flavor of mite-ripened cheeses
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Abstract Cheese infested with cheese mites is usually treated as unpalatable. Never-
theless, some traditional cheese manufactories in Germany and France intentionally use
mites for fermentation of special varieties (i.e. Milbenkédse and Mimolette). While their
production includes different mite species, both are characterized by a “lemon-like” flavor.
However, the chemical nature and origin of this flavor-component is unknown. The cheese
mites possess a pair of opisthosomal glands producing blends of hydrocarbons, terpenes
and aromatics. Here, we describe the chemical profiles of the astigmatid mite species
Tyrolichus casei (Milbenkidse) and Acarus siro (Mimolette). Although the chemical pro-
files differ in several aspects, both mite species produce neral (a volatile flavor component
of lemon oil), which was absent from the headspace of both cheeses without mites. We
conclude that the lemon-like flavor of mite cheese is not a consequence of fermentation of
the cheese itself but a component from secretions of the cheese mites.
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Introduction

Numerous astigmatid mite species (Acari, Astigmata) are widespread vermin invading
many kinds of stored food (Krantz and Walter 2009). Furthermore, they are one of the most
important allergenic sources causing various syndromes e.g. rhinitis, atopic dermatitis and
the oral mite anaphylaxis (=pancake syndrome; Sanchez-Borges and Fernandez-Caldas
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2015). While generally being characterized as pest species on cheese, they have also been
used as beneficial organisms for fermentation in some traditional cheese manufactories in
Germany (“Wiirchwitzer Milbenkise”) and France (“Mimolette”) for centuries (e.g. Hase
1929; Hughes 1959; Melnyk et al. 2010). In Wiirchwitz, cheese mites have become so
famous that they are honored with a memorial (Alberti 2004), and a piece of Milbenkise
with its inhabitants has even travelled to the International Space Station (ISS) in 2004.
Milbenkise and Mimolette are popular among gourmands all over the world. However, in
2013, the US Food and Drug Administration (FDA) refused the import of 1.5 tonnes of
Mimolette as being a “filthy, putrid, or decomposed substance” [Barry, 06-Aug-2013,
http://www.foodqualitynews.com/Industry-news/Mimolette-mite-be-blocked-if-levels-are-
too-high-says-FDA; Sanchez-Borges and Fernandez-Caldas (2015)], thereby provoking
national and international protests. In an editorial, the Washington Times (June 26, 2013)
stated “The nannies at the FDA should cut a slice of Mimolette, brush off the bugs, pour a
glass of Kendall-Jackson pinot noir 2009, break out a package of crackers and leave the
rest of us alone. And let the rest of the Mimolette, mites and all, out of jail.” Meanwhile,
Mimolette has become available in the USA again, especially because no medical impli-
cations have been reported due to the consumption of mite ripened cheeses (Sanchez-
Borges and Fernandez-Caldas 2015).

Mimolette is produced from pasteurized bovine milk with the addition of Annatto (grain
of achiote, Bixa orellana) to gain an orange appearance. It ripens between 2 and
24 months. During the ripening, cheese mites feed on the crust and produce microscopic
holes through which the cheese can breathe. Additionally, the excreta of the mites support
the ripening process. The cheese mites are brushed from the crust before shipment, but a
number of living specimens remains and may reproduce and increase in number when
stored at home (own observation).

On the other hand, Milbenkise is produced from dried low fat curd cheese containing
salt, caraway and a number of herbs. The young cheese ripens in wooden boxes containing
the cheese mites. Rye flour is added as food for the mites to prevent them from feeding on
the cheese itself; the digestive juices support the fermentation. After ripening between 1
and 12 months, the cheese is consumed together with the living mites (about 2000 indi-
viduals/cm?).

Both cheeses are characterized by a fruity, lemon-like aroma (e.g. www.cheese.com;
www.milbenkasese.de; Sanchez-Borges and Fernandez-Caldas 2015), which has been
reported already in the late nineteenth century for the Milbenkise [Kiichenmeister and
Ziirn (1881), cited in Hase (1929)]. This typical lemon-like flavor is, however, absent when
the cheeses are consumed without the mites. Mimolette has a salty, “cheddar-like” taste
and Wiirchwitzer Milbenkise is characterized by a caraway flavoring. The chemical basis
of this taste and the role of the cheese mites for its production remain unknown (Melnyk
et al. 2010). In a recent study, Melnyk et al. (2010) demonstrated that Milbenkése and
Mimolette are infested by two different astigmatid mite species, Tyrolichus casei Oude-
mans and Acarus siro L., respectively (Fig. 1).

Astigmata belong to the glandulate Oribatida (Norton 1998; Raspotnig 2010) which are
characterized by an evolutionary old (at least of Silurian origin; Schaefer et al. 2010) pair
of opisthosomal exocrine glands. These glands produce blends composed mostly of
hydrocarbons, mono-, sesqui- and diterpenes, aldehydes, ketones, fatty acids, fatty acid
esters, aromatic compounds and alkaloids (Kuwahara 2004; Raspotnig et al. 2011).
Although the gland chemistry of numerous astigmatid mites has been studied (Kuwahara
2004), secretions of 7. casei remain to be uncovered. For A. siro, headspace analyses of
mite-infested food (Curtis et al. 1981; Tuma et al. 1990) and some data from diethyl ether
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Fig. 1 Different cheese mite species on corresponding cheese. a Tyrolichus casei on Milbenkése from
Germany, b Acarus siro on Mimolette from France

extracts of the mites are available (Curtis et al. 1981). However, the results of both studies
are controversial: Curtis et al. (1981) reported decane, undecane, tridecane (5) and perillen
(a furanoid terpene) from the headspace, and 2-hydroxy-6-methyl-benzaldehyde (2,6-
HMBD; 3) from diethyl ether raw extracts; but none of these compounds could explain the
“minty smell”. Tuma et al. (1990) on the other hand, found tridecane (5), neral (4) and
geranial in the headspace of mite-infested bin-stored wheat, but did not report 2,6-HMBD
(3), perillen or other hydrocarbons. Citral [neral (4)/geranial], however, would explain the
lemon-like smell/taste of the cheeses and is a common compound in gland secretions of
Astigmata (Kuwahara 2004).

Here, we analyzed raw hexane-extracts of the gland secretions from 7. casei reared on
Milbenkise and A. siro reared on Mimolette, as well as the headspace of Milbenkise and
Mimolette—after the removal of mites—with gas chromatography coupled with mass
spectrometry (GC/MS) and show that both species have, among others, tridecane (5) and
neral (4)—one of the main volatile compounds of lemon oil (Schieberle and Grosch
1998)—as main compounds. While tridecane (5) was also a minor compound in the
headspace of both cheeses, neral (4) was completely absent. Hence, we conclude that the
characteristic lemon-like taste of mite-cheese is in fact a component of the cheese mite
exocrine glands rather than a characteristic of the cheese itself.

Materials and methods
Mite species and extraction of oil glands

German “Wiirchwitzer Milbenkdse” and French “Mimolette” were purchased from
Schmelzer & Poschel (Wiirchwitz, Germany) and Emilia (Dortmund, Germany), respec-
tively. Milbenkise is ripened by Tyrolichus casei and Mimolette by Acarus siro (Melnyk
et al. 2010). Oil gland compounds were extracted by submersion of clean, cheese-free and
living adult individuals in hexane for 5 min—a common procedure for the analysis of oil
gland secretions (e.g. Heethoff and Raspotnig 2011). Generally, pooled extracts of 5-20
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individuals in 50 pl hexane were prepared for qualitative analysis. For quantitative analysis
several extracts of 5 individuals pooled in 20 pl hexane with tetradecane (1 ng/pl) as
internal standard were prepared.

Chemical analysis (GC/MS) of mite extracts

Oil gland secretion samples were analyzed with a QP2010 Ultra GC/MS (Shimadzu,
Duisburg, Germany). The gas chromatograph (GC) was equipped with a ZB-5MS fused
silica capillary column (30 m x 0.25 mm ID, df = 0.25 pym) from Phenomenex
(Aschaffenburg, Germany). 5 pl sample aliquots were injected by using an AOC-20i
autosampler-system from Shimadzu, Duisburg, Germany into a PTV-split/splitless-injector
(Optic 4, ATAS GL, Eindhoven, Netherlands), which operated in splitless-mode. PTV-
injection-temperature was programmed from initial 50 up to 250 °C (heating-rate of 5 °C/
s) and then an isothermal hold until the end of the GC run (37 min), sampling-time was set
to 3 min. Hydrogen was used as carrier-gas with a constant flow rate of 3.05 ml/min. The
temperature of the GC oven was raised from initial 50 °C for 5 min, to 250 °C with a
heating-rate of 8 °C/min, to 320 °C with a heating-rate of 25 °C/min and then an
isothermal hold at 320 °C for 5 min. Electron ionization mass spectra were recorded at
70 eV with a scan rate of 2 scans/s from m/z 40 to 240. The ion source of the mass
spectrometer and the transfer line were kept at 250 °C. Gas chromatographic retention
indices (RI) for compound identification were calculated using an alkane standard mixture
(C8-C33 dissolved in hexane) and the method described by Van den Dool and Kratz
(1963).

Headspace sampling and analysis

Volatiles of Milbenkdse and Mimolette were sampled by putting activated charcoal
(granulated 1.5-3.0 mm, Applichem, Darmstadt, Germany) along with a cheese sample in
a clean, inert plastic box for 72 h. Subsequently samples for GC/MS analysis were pre-
pared by submersion of charcoal pieces (about 100 mg per cheese) in 300 pl dichlor-
omethane for 15 min. Crude extracts were analyzed according to the procedure described
above, only the acquisition method of the MS was slightly modified: Electron ionization
mass spectra were recorded at 70 eV ion source voltage with a scan rate of 2 scans/s from
m/z 40 to 450. Substances and substance classes in the headspace samples were tentatively
assigned and identified by comparison of mass spectra with spectra from literature (e.g.
Stein 2015) and mass spectrometric fragmentation patterns.

Reference compounds

Authentic standards of oribatid oil gland origin, which were known from previous studies,
were used for comparison of chromatographic profiles. The oil gland secretion of Ori-
botritia berlesei was used as a natural source for 6,9-heptadecadiene (8) and 8-heptadecene
(9) (Raspotnig et al. 2008). Furthermore, secretions of the model oribatid mite species
Archegozetes longisetosus ran (laboratory strain from Roy A. Norton =ran; Heethoff et al.
2013), which were described by Sakata and Norton (2003) and more detailed by Heethoff
and Raspotnig (2011), were used as references for the further characterization of the
“astigmatid compounds” (Sakata and Norton 2001). Additional synthetic reference com-
pounds such as 2-phenylacetaldehyde (1) was purchased from VWR International
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(Darmstadt, Germany), several alkanes (5, 7) and the alkane standard mixture were pur-
chased from Lactan (Graz, Austria).

Results
Identification of detected gland compounds

In total, nine chromatographically separable substances were recorded in the two astig-
matic mite species investigated (Fig. 2). All substances belonged to three different
chemical substance-classes: saturated and unsaturated n-hydrocarbons, aromatic com-
pounds and monoterpenes (analytical data are summarized in Table 1).

Saturated and unsaturated n-hydrocarbons: peaks 5, 7, 8 and 9 (Fig. 2)

The El-mass spectra of peaks S5 and 7 showed the typical fragmentation pattern of
n-alkanes with characteristic series of C,H,,, -ions and the molecular ions at m/z 184
(tridecane; 5) and 212 (pentadecane; 7), accordingly. The identities of the substances were
affirmed by a comparison to an alkane standard mixture. Peak 9 showed a series of
C,H,,_;-ions indicating monounsaturated hydrocarbons and the molecular ion at m/z 238
which is consistent with heptadecene. Peak 8 represented an alkadiene with diagnostic ions
at m/z 95, 81 and 65 as well as the molecular ion at m/z 236, corresponding to hep-
tadecadiene. Peak 9 was identified as 8-heptadecene (9) and peak 8 was identified as 6,
9-heptadecadiene (8) by comparison of retention times to authentic compounds from the
secretion of O. berlesei (Raspotnig et al. 2008). The notations of absolute stereochemistry
of double bonds in (Z)-8-heptadecene (9) and (Z,Z)-6,9-heptadecadiene (8) were presumed
based on previous studies (Kuwahara 2004).

Aromatic compounds: peaks 1 and 3 (Fig. 2)

The El-mass spectrum of peak 1 showed the base ion at m/z = 91, the molecular ion at
m/z = 120 and diagnostic ions at m/z = 77, 65, 63, 53 and 51 indicating an alkyl benzene
compound. Furthermore, m/z = 92 indicates a benzyl compound with a y-hydrogen and
low m/z = 120 compared to m/z = 91 from decarbonylation. Hence, peak 1 was identified
as 2-phenylacetaldehyde (hyacinthin; 1) by a comparison of retention time and mass
spectrum of a synthetic standard and by comparison of literature mass spectra [NIST (Stein
2015)]. The El-mass spectrum of peak 3 showed a typical fragmentation pattern of an
aromatic compound with the molecular ion at m/z = 136. The identity of the substances
was affirmed as 2-hydrox-6-methyl-benzaldehyde (2,6-HMBD; 3) by comparison of mass
spectrum and retention index to secretion of A. longisetosus (Heethoff and Raspotnig 2011,
Sakata and Norton 2003).

Monoterpenes: peaks 2, 4 and 6 (Fig. 2)
The El-mass spectrum of peak 2 showed a mass spectrum with the molecular and base ion at
m/z = 150 and was confirmed as a monoterpene with three conjugated double bonds. Due to

the atypical fragmentation pattern, a comparison to literature mass spectra (Hiraoka et al.
2001) confirmed the peak as (4E)-3,7-dimethylocta-2,4,6-trienal ((4E)-dehydrocitral, 2),
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Fig. 2 Chromatographic profiles from extracts of different cheese mite species. Profile a from Tyrolichus
casei from German “Milbenkidse” and profile b from Acarus siro from French “Mimolette”. Compound
identity: peak 1—2-Phenylacetaldehyde (Hyacinthin), peak 2—(E)-3,7-Dimethyl-2.4,6-octatrienal ((4E)-
Dehydrocitral), peak 3—2-Hydroxy-6-methylbenzaldehyde (2,6-HMBD), peak 4—(Z)-3,7-Dimethylocta-
2,6-dienal (Neral), peak 5—Tridecane, peak 6—2-(4-Methyl-3-pentenylidene)-butanedial (B-Acaridial),
peak 7—Pentadecane, peak 8—(Z,7)-6,9-Heptadecadien, peak 9—(Z)-8-Heptadecene

known from other Astigmata (Kuwahara, 2004). The geometry of the second stereogenic
center of 2 was not determined. Peak 4 showed typical monoterpenoid fragmentations and
the molecular ion at m/z = 152, and was identified as neral by comparison of mass spectrum
and retention index to secretion of A. longisetosus (Heethoff and Raspotnig 2011; Sakata
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Table 1 Analytical data to compounds extracted from Tyrolichus casei and Acarus siro

Peak RI? Mass spectrometric fragmentation (m/z) Identified as Chemical structure
D
_0
1° 1022 120 (M' 17), 104 (2), 92 (33), 91 (100), 89 (6), 77 (3), 65 (28), 63 2-Phenylacetaldehyde O/\/
(10), 57 (2), 51 (9), 50 (5), 43 (6), 41 (9) (Hyacinthin)
2 1098 150 (M' 100), 135 (87), 109 (7), 108 (12), 107 (40), 105 (23), 95 (E)-3,7-Dimethyl-2,4,6-
(44), 91 (67), 82 (30), 79 (58), 77 (30), 55 (24), 41 (79) octatrienal ((4€)- N Ny CHO

Dehydrocitral)

3 1215 136 (M" 100), 135 (90), 118 (12), 107 (15), 90 (27), 89 (16), 79 (31), 2-Hydroxy-6-
77 (47), 63 (12), 53 (16), 51 (22) methylbenzaldehyde
(2,6-HMBD)

79 (21), 77 (17), 69 (50), 67 (17), 59 (10), 53 (16), 43 (18), 41 (100)  2,6-dienal (Neral)

HO
Y
4 1255 152 (M* < 1), 134 (11), 119 (19), 109 (9), 94 (17), 91 (31), 84 (11),  (2)-3,7-Dimethylocta-
>=//:%
g

5 1300 184 (M" 1), 141 (< 1), 127 (2), 113 (2), 99 (5), 85 (28), 71 (53), 57 Tridecane (C-13)
(100), 43 (%6) VAYAYAYAVAVAN
6 1371 166 (M" 1), 151 (6), 148 (11), 137 (7), 133 (18), 123 (13), 119 (20),  2-(4-Methyl-3- A
108 (12), 105 (26), 95 (25), 91 (37), 81 (22), 79 (39), 77 (30), 69 pentenylidene)- — \
(28), 67 (55), 55 (34), 53 (35), 43 (38), 41 (100) butanedial e}
(“B-Acaridial”) \
o
7 1500 212 (M' 1), 169 (< 1), 155 (1), 141 (1), 127 (2), 113 (4), 99 (7),85  Pentadecane (C-15) N " N g
(29), 71 (55), 57 (100), 43 (93)
8! 1674 236 (M 1), 165 (1), 152 (1), 138 (5), 124 (8), 110 (18), 95 (42), 81 (2,2)-6,9-Heptadecadien S
(66), 67 (98), 55 (65), 41 (100) (C-17:2, 26,9)° »

1680 238 (M'5), 205 (2), 125 (6), 111 (13), 97 (30), 83 (48), 69 (55),55  (2)-8-Heptadecene
(75), 41 (100) (c17:1, 08)°

\

# Retention index (RI) on ZB-5MS column
® Only occurring in females of A. siro
¢ Tentatively assigned compound

9 Notations of absolute stereochemistry of double bonds were presumed based on previous studies, see
Kuwahara (2004)

and Norton 2003). A comparison of the mass spectrum of Peak 6 to literature mass spectra
of other Astigmata (Leal et al. 1989; Shimizu et al. 2003) and an additional library search in
the Wiley Registry™ of Mass spectral data (9th edition) confirmed 6 to be most likely “p-
acaridial”. The identity of the compound was tentatively assigned and geometry of the
stereogenic center was not determined.

Description of chromatographic secretion profiles

The arithmetic mean of absolute amounts of gland secretions per individual (calculated via
comparisons with the internal standard) were 8.5 (£4.8) ng in 7. casei and 14.8 (+4.4) ng
in A. siro which significantly differed from each other (two-sample ¢ testy3 = 3.29;
p = 0.003). Furthermore, chromatographic profiles of 7. casei and A. siro were highly
distinguishable (Fig. 2) and significantly differed from each other as well (one-way
PERMANOVA; Jaccard-distance; peeudol = 53.78; p < 0.001). All profiles of the two
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species were clearly dominated by tridecane as main compound, constituting about 58 %
of total secretion.

Tyrolichus casei: compounds 4, 5 and 6, (7)

All extracts of T. casei consistently showed four different compounds (Fig. 2a). The saturated
n-alkane tridecane (5) was the main compound (60.7 £ 14.0 %), while the monoterpenes
neral (22.0 &+ 7.0 %; 4) and “B-acaridial” (17.0 £ 11.5 %; 6) were minor compounds in
more or less the same ratio. Pentadecane (7) was detected in traces (<0.3 %).

Acarus siro: compounds 1-9

Extracts of A. siro showed nine different compounds (Fig. 2b) of which two, namely
hyacinthin (1) and B-(E)-acaridial (6), occured only in females (data not shown). The
saturated n-alkane tridecane (5) was the main compound (55.3 + 15.2 %), while the
monoterpene neral (19.1 & 7.4 %; 4) was a medium compound. Minor substances were
the saturated and unsaturated n-hydrocarbons pentadecane (1.4 £ 0.8 %; 7), (Z,2)-6,9-
heptadecadiene (7.2 + 8.0 %; 8) and (Z)-8-heptadecane (1.7 + 1.8 %; 9), the monoter-
penes dehydrocitral (7.9 & 3.8 %; 2) and “B-acaridial” (1.4 £ 1.7 %; 6) as well as the
aromatics hyacinthin (1.1 £ 1.3 %; 1) and 2,6-HMBD (4.9 &+ 2.7 %; 3).

Evaluation of headspace samples

There were no indications of neral (4) in the headspace of Wiirchwitzer Milbenkése or
Mimolette (Fig. 3), but several other compounds were found: Peak ranges indicated as
I and V were identified as fractions of different unsaturated and saturated ketones with
eight and nine carbon atoms, respectively. They indicated typical diagnostic ions at
m/z = 43 and m/z = 58 (in saturated) and further fragments at m/z = 55 (in unsaturated)
as well as the molecular ions at m/z = 128 and m/z = 126 (for ketones with eight carbon
atoms) and at m/z = 142 and m/z = 140 (for ketones with nine carbon atoms). The MS
fragmentation patterns of mass spectra of the ketone fractions and a comparison with
spectra from the NIST library (Stein 2015) indicated different methylketones and not
further determined unsaturated (methyl)-ketones. Peak IX showed typical diagnostic ions
at m/z = 43 and m/z = 58 and the molecular ion at m/z = 170 and was identified as
2-undecanone based on the MS fragmentation and data from Raspotnig et al. (2005).
Alkanes (peak IIT and VIII) were identified due to their typical fragmentation pattern of
C,H,,. 1-ions-series and the molecular ions at m/z 170 (dodecane; III) and 184 (tridecane;
VIII). Peaks II, VI and VII were identified as a monoterpene and two monoterpene-
ketones. Peak II showed a molecular ion at m/z = 136, a base ion at m/z = 68 and typical
fragment ions at m/z = 121, 107, 93, 79 and 67. Furthermore, fragmentation patterns of
peak II were compared to literature data (Adams 1995; Briickner et al. 2015) and assigned
to limonene. Since limonene in the headspace originates from the added caraway (in the
“Milbenkise”) it is most likely R-limonene, because S-limonene is not present in the
essential oil of caraway (Bouwmeester et al. 1998). Peak ranges indicated as VI were
identified as dihydrocarvones based on their fragmentation pattern with a molecular ion at
m/z = 152, a base ion at m/z = 95 (or m/z = 67), a typical ion series at m/z = 137, 123,
109, 95, and 82 and comparison with mass spectra from the NIST library (Stein 2015).
Peak VII was assigned to be (S)-(+)-carvone by using a molecular ion m/z = 150, a base
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Fig. 3 Chromatographic profiles of headspace samples of cheese volatiles (a Milbenkése; b Mimolette). In
the order of retention times: peak ranges [—fraction of saturated and unsaturated C8-ketones, /l—limonene,
Ill—dodecane, IV—unknown (m/z = 168), V—fraction of saturated and unsaturated C9-ketones, VI—
fraction of isomeric dihydrocarvones, VII—(S)-(+)-carvone, VII[—tridecane, IX—2-undecanone

ion at m/z = 82 and typical fragment ions at m/z = 54, 67, 93 and 108. As well as by
comparison with literature (Adams 1995) and because it is the main compound of caraway
(Bouwmeester et al. 1995) which is added to “Milbenkidse”. Peak IV is an unidentified
trace compound with a molecular ion at m/z = 168.
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Discussion

Oil gland secretions from six other species from the genus Tyrophagus (Tyrophagus casei
is a synonym of Tyrolichus casei) have already been chemically characterized (reviewed in
Kuwahara 2004). Four species produced neral (4) in their oil gland secretions and two (T.
neiswanderi and T. longior) did not. Hence, neral (4) seems widespread but not charac-
teristic in this genus. The same pattern seems valid for the genus Acarus, although only one
further species (A. immobilis) has been investigated (Kuwahara 2004). Here, neral (4) was
absent from the secretions. Nevertheless, neral (4) is commonly distributed in about one
third of all Astigmata so far investigated (Tagami and Kuwahara 2005), while its geo-
metrical isomer geranial, which also has a lemon-like odor, seems to be more or less
restricted to the family of the Histiostomatidae (and two further species) in Astigmata
(Koller et al. 2012). (4E)-Dehydrocitral is a known compound from astigmatid mites, at
least in Histiogaster sp. (Hiraoka et al. 2001), and as a part of the essential oil from some
plants (Kumamoto et al. 1975; Asfaw et al. 1999). Hyacinthin (1) is a compound not yet
known from astigmatid mites, it has been found in insects, as gland substance / attractor
(Meagher and Mitchell 1999; Prokopy et al. 2001; Wood et al. 2002; Otienoburu et al.
2012). In addition, hyacinthin (1) is a volatile from different fruits, wine and roasted
peanuts (Didzbalis et al. 2004; Wu et al. 2005; Escudero et al. 2007), and also known from
cheese (Qian and Reineccius 2003; Whetstine et al. 2005). However, hyacinthin (1) was
assigned to be of oil gland origin from A. siro, because headspace samples of corre-
sponding cheese showed no hyacinthin (1) (Fig. 3). As stated above, hyacinthin (1) and “f-
acaridial” (6) were only present in female mite specimens of A. siro. A chemical sexual
dimorphism is known for B-(E)-acaridial from the species Caloglyphus polyphyllae
(Astigmata, Acaridae), where it functions as sex and aggregation pheromone (Shimizu
et al. 2001). Hence, 1 and 6 may function as sex pheromones for A. siro.

Oil gland secretions of both mite species contained high amounts (about 20 %) of neral
(4). However, neral (4) was absent from the headspace of both cheeses after the mites were
removed and only odor compounds from the cheeses or their spices were detected. Fur-
thermore, the typical lemon-like taste gets lost after the cheese mites are removed from the
cheeses (own observation in some gustation tests). The different ketones (I, V, IX) and
miscellaneous compounds, which were detected in the headspace of both cheeses, are
typical substances in cheese bouquets (e.g. de Frutos et al. 1991; Kubic¢kova and Grosch
1997; Moio et al. 2000; Berard et al. 2007; Povolo et al. 2011). Especially the ketones
derive from butterfat fatty acids in the cheese (Collins et al. 2003). Components such as
methyl-ketones may also exhibit a fresh or fruity aroma as pure synthetic standards, but
blended composition is responsible for a “normal” cheese flavor (e.g. Zehentbauer and
Reineccius 2002; Nogueira et al. 2005) without a lemon-like bouquet. Limonene (a lemon-
like monoterpene) as well as the dihydrocarvone fraction and (S)-(+)-carvone derived
from the essential oil of caraway (Bouwmeester et al. 1995) were also detected in the
headspace of Milbenkise (which contains caraway) and possibly further expand the fruity
bouquet — but they were absent from the headspace of Mimolette. Hence, it can be con-
cluded that the lemon-like flavor of Mimolette and Milbenkése are more characteristic for
the cheese mites than for the cheese itself.
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