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ITI. On the Odorous Substances of Mint Plants (I)*
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I INTRODUCTION

Japanese mint? (M. arvensis, L.)P®% is the most excellent species?’® of mentha, which contains
80~909% of l-menthol in the essential oil, but it is a weak point that it has a special bad odor. In
recent years, the new excellent superior variety of mentha, named ‘“San-Bi”,»® has been discover-
ed in Okayama Prefecture, and bred at the Okayama Agricultural Experiment Station. It has been
cultivated in our country, as the mentha has the highest yield of menthol. However, ‘“‘San-Bi” has
taken people’s attention to the fact that it has a proper disagreable odor.

One of the writers, Nagasawa, has been studied the object of peppermint for many years,97%%
101012 egpecially, the aroma and taste of the Japanese menthol crystals, and reported the carbonyl
compounds'® in order to detect the odorous components and bitter substances in the dementholiz-
ed oils.

The authors have commenced the researches, in view of the fact that the low-boiling and volatile
substances were dissolved in the distilled water produced by steam distillation. We have confirm-
ed that the distilled water of “San-Bi” has a strong ammoniacal and fishy odor, which should be
related to amines.

The object of this paper is to describe the nitrogen compounds dissolved in the distilled water
of “San-Bi”, and at the same time, to report the sulfur compounds, which exist in the first gas

generated by the steam distillation.

II CRITICISM ON LITERATURES

We shall discuss some odorous substances of plants as the following.
1. Sulfur Compounds '
(a) Dimethyl sulfide:—
 Dimethyl sulfide has been found in American Peppermint 0il'¥!% as one of the odorous sub-
st/ances; it was discovered in the aroma of black tea,!® green tea,!” in the various marine plants,’®

19 asparagas,'® and in the young buds of the brackens.!®> It can be catched with the saturated

* Announced at the meeting of the Chugoku-Shikoku Branch of the Chemical Society of Japan, in Hiro-
shima City on Nov. 23, 1957, and reported at the symposium on the chemistry of perfumes, terpenes and
essential oils of the Chemical Society of Japan, in Hokkaido University, Sapporo City, on July 15, 1960.
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mercuric chloride éolution, to a white precipitate.
(b) Hydrogen sulfide:—

Hydrogen sufide was found in the aroma of foods'®’ in the recent year. Dr. T. Yamanishi!?1#2®
found it in the vapors, which generated from the leaves of the various plants by steam distillation,
and she presumed that Aydrogen sulfide shall be generated by decomposition of protein.

(c) Other sulfur compounds:—

Methyl mercaptane,'®? ethyl mercaptane, propyl mevcaptane,®® and allylpropyl disulfide®® have
been found in foods.

2. Nitrogen Compounds

As the low-boiling nitrogen compounds,?®2% ammonia, monomethylamine, trimethylamine, iso-
butylamine, and iso-amylamine are found in a number of plants, but dimethylamine and ethylamine
are not found so much. Generally, these amines exist in the animal and vegetable kingdom in the
form of amino-acids, betaine, choline, and alkaloids.

(a) Monomethylamine:—

Monomethylamine is merely an amine which found in the mint plants. It has been expressed
that this amine exists in the leaves of ‘“‘mentha aquatica” (water-mint).?» It seems probable that
this amine was produced by the result of decomposition of alkaloid, because the leaves of water-
mint contain a few alkaloids (0.026-0.034%)® but a trace of essential oil. This amine®4’ has been
found in the buds of Mercurialis annua, M. perennis, in the substerranean stem of Calamus. More-
over, it was found with trimethylamine in the products of dry distillation of Pyrethrum flowers. It
has been expressed that the mother-bodies of formation of this amine are choline, betaine, trime-
thylamine, and complicated N-methyl compounds.®
(b) Trimethylamine:—

In the kingdom of plants, trimethylamine’® is more distributed than monomethylamine; it was
found in the flowers of Chenopodiaceae, Rasaceaé, Oleaceae, Composite, Liliaceae, etc., and then in
the ergots, lichens, red-seaweeds. In recent years, this amine was found in tangles,*” in flowers
of Heracleum spondylium,*® and in the fruits of Phallus impudicus.*®
(¢) Dimethylamine:—

It was found in the fruits of Russula aurata.’®
(d) Ethylamine:—

It was found in the flowers of Sambucus nigra and Avum ttalicum.*®
(e) iso-Butylamine:—

This amine was found in the flowers®™® of Sambucus nigra, Filipendula ulmaria, and Arum
italicum.

(f) iso-Amylamine:—

Iso-Amylamine® has an ammoniacal odor and has been found in the flowers of Berberidaceae,
Rosaceae, Aceraceae, Asclepiadaceae, Caprifoliaceae, and ergots of rye malt. In recent years,?® it
was found in the flowers of Sambucus nigra, Filipendula ulmaria, and in the fruit bodies of Phallus
impudicus, Boletus sanguineus. WNagasawa (one of the writers) supposed the existence of the odor-
ous substances in the components of the natural perfume and investigated also, on the odorous

substances of plants other than mints.*

* Announced at the meeting of the Chugoku-Shikoku Branch of the Chemical Society of Japan on Jan.
24, 1959 (at Hiroshima University).
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III RESULTS AND DISCUSSION
1. Odorous substances in the distillation gas

All mentha, we used, reacted with saturated mercuric chloride solution, and formed a white, pale
yellow, or dark grey precipitates. ‘‘San-Bi” (M. arvensis) formed, especially, the remarkable dark
grey precipitates. The compounds which may be formed white or dark grey precipitates with

saturated mercuric chloride solution are shown in the Table 1.

Table 1. Products with saturated mercuric chloride solution
|

Compounds . | Products Color
Methylamine [CH3sN(HgCl)]2Hg white
Ammonia Hg(NH,)Cl ”
Methyl mercaptane CHj3.S.HgCl ”
Dimethy! sulfide [(CH3)2ST2 +3HgCl2 ”
Hydrogen sulfide HgsCloS, ”
Hydrogen sulfide HgS black

We confirmed that hydrogen sulfide is contained in the distillation gas, in view of the fact that
the test papers of silver nitrate and lead acetate became brown when they contacted with the gas,
which was generated by the steam distillation of all mint plants, of our use. As the result of obser-
vation on the products with saturated mercuric chlovide solution, it can be understood that a large
quantity of hydrogen sulfide is contained in the gas of “San-Bi”. As a large quantity of carbon di-
oxide generates when the mint plants are steam distilled, it can be thought that this hydrogen sulfide
was produced by the decomposition of protein as Dr. 'T. Yamanishi has ever suggested.!”1® Fur-

ther, we presumed that dimethyl sulfide* may exists in the gas.

2. Nitrogen compounds in distilled water

We found some amines such a large quantity of ammonia, a few trimethylamines, and two another
amines which are supposed as monomethylamine and dimethylamine, respectively. Trimethylamine
has a fishy odor and the other amines have that of ammonia.

In the first paper of this series,>” we have reported the results of chemical analysis of “San-Bi”’,
which contained much essential oils, and “Aka-Hen”, containing a little ones, that “San-Bi’’ con-
tained a very high percentage of total nitrogen, proteinous nitrogen, soluble nitrogen, and ammonia-
cal nitrogen than “Aka-Hen”, in the respective leaves. Especially, proteinous nitrogen accounts for
80 per cent of the total nitrogen. On the basis of these data, it seemed probable that these amines
are decomposed and isolated with a large quantity of carbon dioxide by the pyrolysis of protein.

““San-Bi” absorbs a large quantity of nourishment and accumulates essential oil in the bodies
vigorously. On the other hand, nitrogen compounds in the plant bodies are decomposed and iso-
lated, when they are steam distilled, then an unpleasant odorous substances such as trimethylamine
dissolved in the distilled water. We assumed therefore, that one of the causes of the unpleasant
odor of essential oils depends on the disagreable odorous substances dissolved in the distilled

water.

* T. Nagasawa: Reported at the meeting of Chugoku-Shikoku Branch of the Chemical Society of Japan,
on May 5, 1955 (Fukuyama City).
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IV EXPERIMENTAL

1. Apparatus and Manipulation
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Fig. 1. Distillation Apparatus

Take as a sample 100~150 g. of dry herbs in a round-bottomed 2,000-cc. flask, and connect each ap-
paratus (Fig. 1). Then, shut cock (B) of separating funnel (Cylinder type, vol. 100 cc.), open cock (A) of
safety bottle, and then steam distillation was carried out. After distillation was started, the gas was intro-
duced to the absorbents (10~15 cc.) in 100cc. test tube (No. 2. 3), during about 1.5 minutes.

Absorbents as mercuric chloride solution (6.59%), distilled water, and lead acetate solution, etc. were used.
In No. 1 test tube, it was tested that reaction with filter paper dipped in silver nitrate solution (1N) or lead
acetate solution (0.195). When the generation of gas came to an end, water and the essential oil begins to
distil. Then, open the cock (B), pinch cock (C) and these oil and water was received in the separating fun-
nel, the water level of which is controlled by the siphon (D). When dry herbs (100~150 g.) are used, they
are steam distilled during 20 minutes. When the steam distillation came to an end, shut the cocks (B) and’
(C), and open the pinch cock (E) (circuit—). Then, pass the residual gas in the apparatus through absor-
bents in the test tube by the aspirator during about 30 seconds. On the above mentioned manipulation, the-

volatile gas is caught by absorbents in the test tube; the water soluble matters with essential oil could be
obtained.

Thus, the distilled water obtained by such manipulation was named volatile-water (vol.-water) and the
essential oil was named volatile-oil (vol.-oil). Moreover, this vol.-water (700 cc.) was concentratad by co--
hobation using the same apparatus within 10 minutes for one cohobation.

The concentrated water was named cohobation-water

(Z)l!o—'?iof) 4910M - 'quO:) (8)SPO  (coho.-water) and the oil now obtained was named co-

wouogoyo)) | hobation-oil (coho.-oil). The coho.-oil was kept as al--
(l)uo-‘(')qo:) 494°M"|°‘4°O (Z)SDIE) coholic solution for the use of the other experiments.

(UONDOIOHOO)I As the result of the above-mentioned manipulation,

1t ~"10N 434OM |- ‘1N (SPY  the volatile and water soluble substances were con-

(ED"! 1SIp WDBLG) ! centrated in the coho.-water; some volatile substances

adwng were absorbed in the absorbents of the test tube. A

Fig. 2. Outline of Manipulation rough outline of the above-mentioned process is shown.

in Fig. 2.
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2. Odorous substances in the gas

Mint plants (Ist and 2 nd crop, 1957) were steam distilled with the apparatus shown in Fig. 1. "Those
experimental results are shown in Table 2. All distilled waters, absorbing gases, have a pickle like odor,
which may be estimated as mercaptane. This odor was removed by mercuric chloride solution. When all mint
gases reacted with mercuric chloride solution, they produced a white~dirty yellow~dafk grey precipitate.
The precipitate of the same species do not show a certain color, but has a tendency to differ from the
quantity of a sample. ““San-Bi” (M. arvensis) produced dark grey precipitate distinguishable to the other,
but Chirimen-Hakka (M. viridis) produced a white or yellowish grey precipitate. Test papers moistened
with silver nitrate solution, lead acetate solution, Nessler’s reagent, and Schiff’s reagent had a positive

reaction. Saturated barium hydroxide solution produced a white barium carbonate with carbon dioxide in the

gas.
Table 2. Reaction with Mercuric chloride solution (6.5%)
) ) Time of Crop‘ Weights of | Oil Yields { Reaction with
Species of Mints* 1957(1) ~ (II) \Fresh Herbs Fresht?-lerbSi 6.59, HgCls sol.
| Month-Day (® (%) | Precipitate Color
JSan -Bi 621 ! 413 0.29 + grey
M .arvensis { Aka-Kuki 10,22(1956) 3,750 ! 0.28 + white
lkako 6.22 1418 | 017 "
Enghsh 6,14 | 1,069 0.22 + ”
M. piperita J white hair
lAmencan white 6.13 2918 1012 + pale yellow
Chmmen 5.30 1,410 017 + white
M.viridis J white hair
,German crape : 612 2614 013 + ”
San-Bi 386 12,368 0,51 + grey
Aka-kuki ” 1,650 047 + white
M .arvensis < Brazil ” 2,475 043 + gray
Inu ” 1,613 0.38 + white
Kaké 814 I 3125 0.38 + ”
American 826 1,313 0.20 | + grey
M. piperita | VPite
'Enghsh whue 815 605 0.19 ‘ + white
- |
Chmmen | 822 1313 . 0.34 + ”
M.viridis j white hair
Chirimen red stem 813 10,256 022 | + pale yeilow

* Cultivated at Matsue City

3. Odor and PH of Volatile-water

Volatile-water has a special odor in compliance with the species. By means of cohobation, PH of the
volatile-water became basic, however, the water which absorbed the gases (gas-absorb-water) was still
showed a weak acidic property. An example is shown in Table 3. Since vol.-water becomes basic remar-
kably, it is probable to assume as that a large quantity of basic substances are dissolved in the water. Fur-
ther, in view of the fact that a sharp precipitate was formed by Nessler’s reagent, the presence of basic

substances was shown.



Chemical Studies on Mentha 37

Table 3. PH of Volatile-water and Gas—absorb-water

Distillation ( Volatile-water Gas-absorb-water
No. | Volume (cc.) PH Volume (cc) PH
1 720 470 70 5,05
2 1¢50 7.60 70 5,95
3 8$2 8.10 70 6,00

N.B. Sample : English white hair (M.piperita)
Fresh herbs:::-seeevt 1,069g. (1957, 6. 14)

4. Nitrogen compounds in the volatile-water of “San-Bi” (M. arvensis)

The dry herbs (5, 115 g.) of “San-Bi’’ were steam distilled and 2,400 cc. of volatile water were obtain-
ed, and transformed to 100cc. of coho.-water (PH 8.8~9.0). To the coho.—water (100 cc.) added 6N HC!
and concentrated to Scc. of brown solution under reduced pressure. When it becomes alkaline by adding
some sodium hydroxide solution, emerged a queer strong ammoniacal and fishy odor.

At the preliminary experiment, the following test was carried out. About same volume of sample to be
tested and 10 per cent solution of ammonium chloride (Kantdbkagaku-make), hydrochloridzs salts (Merck-make)
of monomethylamine (MMA), dimethylamine (DMA) and 'trimethylamine (TMA), were applied from
capillary tube on T6y6-No. 50 filter paper, and then carried out the procedures of Obata as follows.30’ —
a) Spray with Nessler’s reagent.

b) Spray with 0.1 per cent ninhydrin-butanol solution, and then heat to 95°C for 5 minutes.

c) Spray with 0.5 per cent p-quinone-ethansl solution, and dry, then spraying with 0.5 per cent caustic
potash-ethanol solution,

d) Expose on fodine vapour.

These experimental results are shown in Table 4.

Table 4. Reaction of Nitrogen compounds with Reagents

MMA DMA TMA Ammonia Sample
Reagents — i = —
o R. Color | R, Color| R. Color | R. Color | R. Color
Nessler’s R. — — — — — — +++  yellow| + yellow
Nichydrin +++  purple| ++ purple + purple + orange| -+ purple
p-Quinone ++ pink [+ ++ pink —+ white*| -+ white*| + whits*
Todine + yellow + yellow [+ ++  vellow| ++  yellow| -+ yellow

N.B. R.: Reaction

*  White spot in red-brown spot
(1) The reagents which colored clearly these spots were as follows. Ammonia . . . .. Nessler’s reagent;
Monomethylamine . . . . . Ninhydrin; Dimethylamine . . . . . p-quinone; Trimethylamine . . . . . Iodine.

(2) The best reagent, being able to detect all spots, was ninhydrin-butanol solution.
(3) In this experiment, we found that trimethylamine is colored by ninhydrin-butanol solution.31

Then, paper chromatography was carried out using one-dimensional ascending method. A proper quan-
tity of the sample was spotted from a capillary tube to the original point (5 cm from the lower edge) of the
To6yd No. 50 filter paper (240 cm) strip. The filter paper stri> was developed during 15 hours at 24~26°
(room temperature) with a solvent of n-butanol-ethanol-water (4:1:1). Sample was developed with pure
nitrogen compounds, and then these spots were mads visible with the above-mentioned reagents. The re-

sults of examination are as follows:—(Fig. 3, Table 5)
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Table 5. Rf values of Nitrogen Compounds

] Nessler’s R. | Ninhydrin | Todine
Base Rf Rf Rf
Pure Sample Color | Pure Sample Color | Pure Sample Color
Ammonia 018 018 yellow | 018 018 yellow | 018 018 yellow
Monomethylamine — — — 0.20 — purple — yellow
Dimethylamine — — — 023 — purple —_ yellow
T'rimethylamine — — — 0.25 025 purple | 025 0.25 yellow
011 purple
0.06 purple

Yelol@D»

Fig. 3. Paper chromatogram of Nitrogen Compounds in the Vol.—water of ‘“‘San-Bi”’
Rf: 0.06, 0.11, 0.18, 0.25

(1) It was confirmed that both ammonia (Rf: 0.18) and trimethylamine (Rf: 0.25) were contained in the
volatile-water.

(2) It seems doubtless that these spots (Rf: 0.11, 0.06) of dimethylamine and monomethylamine were dis-
turbed by the existence of a large quantity of ammonia.

{3) These amounts of nitrogen compounds in the volatile water existed in the following order.

ammonia>>trimethylamine=>dimethylamine ?>monomethylamine?
Rf: 0.18 0.25 0.11 0.06

V CONCLUSION

1) The writers found that hydrogen sulfide, ammoniacal compounds and carbonyl compounds
exist in the gas produced by the steam distillation of various Mint plants. ‘“San-Bi”, especially,
contained a large quantity of Ahydrogen sulfide. Besides, we assumed the existence of dimethyl sulfide.

2) It was found that both ammonia and trimethylamine existed in the volatile-water of “San-Bi”,
while the presence of dimethylamine and monomethylamine is almost probable.

3) One of the unpleasant odor of “San-Bi” is due to the presence of the ammoniacal com-

pounds as trimethylamine.
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