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UNITED ST#TES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.,C.
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COMN:ERCIAL POSSIBILITIES OF JAPANESE
MINT IN THE UNITED STATES AS A
SOURCE OF NATURAL MENTHOL

By A, F. Sizvers, senior biechemisl, and M. 8. Lowmax, cssislant biochemist,
Division of Drug and Reloted Plants, Buréau of Plant Industry !
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INTRODUCTION

The United States imports annually from Japan large quantities of
menthol, an fmportant aromatic chemical used extensively in many
medicinal, pharmaceutical, and other preparations. It is obtained
in Japen from the volatile oil distilled from Ja,liva,nese mint (Mentha

-

(~ o]

SR rvensis piperascens Malinvaud), which is widely ~ultivated in that

country where it is one of the important crops, A synthetic menthol

% is on the market, but the natural product is obtained almost entirely
from this mint which is grown commercially almost exclusively in
Japan. It follows, therefore, that domestic consuming industries are
largely dependent on thet country for their requirements of this
important paturel product.

The cultivation of peppermint and spearmint has long been a
specialized industry in certain sections of the United States. The
oils obtained from these mints occupy important positions among
the volatile oils produced and consumed in this country, and their
production has gradually increased ns their uses in the manufacture
of many products have been extended. The cultivatior of thess
1 The writers wish to ackuowladge the valuable cooperation of the folluwing: The Vigk Chemleal Ca.,
Greensboro, N.O., which assisted in defraying the expanse of the feld work for severs] years and ¢ontrib-
uted mueh of the date. fram the Bouthesstarn States; Essentisl Products Co., of Oalifornis; the Alabatna
Polytechnle Enstitute; the Virginie Polytechnic Inatitute; the schools of pharmney of the ftats unlvarsities
of Florida, North Carollos, and Oklalioma, and the many {ndlvidnals whe contributed semples of oil or

‘gate regarding such from varions Joendities. Ackwowledgment s also due 0. M. Fresman, assistant
'botanist, Bursau of Plant Industry, who wrote the deseription of the plant. .
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mints hes been invesiigated by the United States Depertment of
Agriculture and the results have been published,? but until recent
. years no serious attention had been given to the possibilities of grow-
" ing Japanese mint in this country. When it is considered that the
‘several spectes of mint under cultivation in the world do not differ
greetly in their cultural requirements, the possibility of introducing
apanese mint into this couniry nasturelly suggests itself. It was
with the purpose of thoroughly studying the requirements of this
plant, its behavior under conditions prevailing in the mint-growing
sections and elsewh®re, and its general possibilities as a crop in the
United States to furnish g domestic source of natursl menthol, that
this investigation was undertakern.

The two principal objectives of the investigations of Japanese mint
were: (1) To study the general behavior of the plant under various
conditions sud in various localities to determine the possibilities of
its successful culture from the agronomic stendpoint; and (2) to

- collect and interpret date concerning the quality of the oil produced,
with special reference to its menthol content, and to note the gradual
effect of soil and climate, particulariy whether o progressive decline
in menthol content, would result from continued ecultivation of the
plant in this country.

The experiments were begun in 1916 by G. A. Russell, who was in
direct charge of the investigation up to the time of his resignation
from the Deﬂa,rt.ment on December 31, 1924, and the data for that
period are taken from his unpublished reports.

° USES AND IMPCOETANCE OF MENTHOL IN THE UNITED STATES

According to availeble records, it appears that menthol first came
on the rmarket for commercial purposes about 1875, and thereafter
its uses were rapidly extended, although the consumption eontinued
relatively small for many vears, ZXts value for medicinal and phar-
maceutical purposes wes officially recognized in this country in 1894,
when it wes included in the seventh revision of the Unifed States
Pharmacopoeia. At the present time it is used extensively for inter-
nal and external medicine, and to a less extent in confectionery and
perfumery. The increasing use of this product in the United States
18 indicated in table 1, which shows the quantities imaported since
1908. The consumption seems to have become stabilized at around

Tapre 1.—Quantily of menthol imported into the Uniled Staios Jrom 1908 to 1981 1

Juentity? 1 Quantity? Quantitys Quzntitys

Pounds

L Figures ore Irom Forelgn Commeres and Navigation of the United Btates, lssued by the United Btates
Dapartment of Commerce. )
. * Fiscal years up to and including 1918, theres ser calendsr vesrs. The imports for the S-month period
from July 1 to Dae, 31, 1918, cre omitted,

I From 1908 to 1623, incluslve, the guaatlties given represent imperts for consumption; from 1024 to
1931, general imports,

tBJEVERS, A, F,, PEPPERMINT AND SPEARMINT 48 PARM CROFS. U.5. atopt. Agr. Formers' Bul, 1565,
28 p., 1los, 1929, :
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. JAPANESE MINT AB 4 SOURCE OF MENTHOL _ 3
809,000 ppunds annuelly. Although the consumption, as indicated
by the imporis, shows a reasonsbly steady upward trend up to about
1926, the value of this commodity has fluctuated greetly, as is readily
apparent from fizure 1, in which the price guotations &s given in
frade josirnals are shown at 3-month intervals from 1913 fo 1931.

L

L

PRICE BER POUND fncl.t.mél_

ez
L/ /N

Frauze i.—Fiuctuations in menthol-price quotations for the period 1813 to 1931,

It will be seen from the price curve (fig. 1) that there have been two
Ifgriods during which the market value of menthol incressed greatly.

the postwar period it resched $13 & pound, which was followed by &
Tapid decline to nearly the previouslevel. In 1923 occurred the earth-
quake in Japan which severely afected menthol prices immediately,
forcing them up to as high as $20 a pound. The general effect of this
disaster on the menthol market was felt during 1924 and 1925, during
which period the price level held well above $10 a pound. The follow-
ing year there began a gradual decline, and during the last 5 years
the price level has been consistently low.

The fact that natural menthol is obtained so largely from Japan,
and the severe effect on the market value of the commodity caused
by any situstion that interferes with either its production or its
importation, emphsasizes the extent to which the industries that
require it sre dependent on that country. In the future the extent
to which synthetac menthol will replace the natural produect, especially
when the normael supply of the latter is inadequate, will be an impor-
tant factor. It may well be sssumed that the avsilability of the
gnt.hetic product for some purposes will have & steadginlg effect on
:l 3 inaz"ket end s tendency to cause the waintenance of & lower price

evel.

BOTANICAL DIFFERENCES BETWEEN THE JAPANESE MINT AND
PEPPERMINT

The Japansse mint (Mentha arvensis piperascens), in its general
‘behavior, its cultural requirements, its rootstock whereby it multi-
plies, and in other respects, bears much resemblsnce to peppermint
(M. piperite L.). However, the two plants differ greatly m scme
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important features, as is shown in ﬁgureg, 2 and 3, and when seen
side by side are casily distinguished from one amother. In the

following paragraph O. M. Freeman, assistant botanizt, Buresu of

FicUure 2.~Flowering top of Japanesa mint (Aentha arocnsis piperascens).

Plant Industry, has indicated the chief differences between the two
plants: '

Japanese mint (Mentha arvensis piperascens) is a perennial herb spreading by
rootstocks which treep alang the ground or just under the surface and root at
the nodes. The eract stems of midsummer, I to 3 feet in height, are usually
branched and bear flower clusters in the leaf axils. This differs from pepper-
mint, M. piserite, which bears its Sowers in more or less interrupted, terminal,
usually leafless, spixelike panicles. The stems of Japanese mint are covered with




JAPANESE MINT A8 A BOURCE OF MENTHOL

soft white helrs, as aré the leaves and calyces. Peppeérmint is vsually glebrous
thioughout, and if hairs are present they are sparse and are mostly near the
nodes at the lower park of the stems. The leaves of Japanese mint are lanceolate
4.ad broad-lanceolate with triengulér blunt teeth. Tho leafl is gradually acumi-

F10URE 8—TFlowerloe top of peppermint {Mentha pipesita).

nate gt the base with g margin extending nearly to the base of the peticle, The
lenf of peppermint is similar, but.differs in having sharper acuminale teeth, and
‘the base is acute or abruptly acumingte with the peiiole asearcely margined.
Peppermint rarely, if ever, produces seed in the United States while Japarese
mint produces seed freely.
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COMPARISON OF OILS FROM JAPANESE MINT AND PEPPERMINT

The oils distilled from the Japanese mint snd peppermint differ in
two importent respects which determine their relative usefulness for
certain purposes. (1) Japanese-mint oil contains, when produced
under favorable conditions, frora 75 to 85 percent of menthol, of which
up to 90 percent is usually present as such, while the remainder
ocours in combination as esters. Peppermint oil, on the other hand,
contains approximately only 50 percent of menthol, this also being
present largely as such, (2} Peppermint oil has the pleasant, aromatic
flavor that hes long been accepted oy the consumer as the character-
istic peppermint flavor,” whereas Japanese-mint oil is described as
harsh and lacking in the fine bouquet that distinguishes the other.
This so-called bouquet is due to the combined effect of several other
ronstituents present rather than to the menthol, although the latter is
responsible for the peculiar ““cooling’ sensation associated with the
peppermint flavor. These important differences in the character of
the two oils determine the nses o which-each has been put and have,
under normal conditions, prevented the substitution of the one lor
the other.

Owing to its much higher content of menthol, the Japanese-mint oil
is a much more valuable source of this product than peppermint oil.
A large proportion of the menthol can be removed from it by refrig-
eration, and additional guantities can be subsequently removed by
fractionation and other treatment. Peppermint oil can be utilized
commercially as a source of menthol only when the latteris abnormally
high in price and the oil is relatively cheap. Consequently, the world
supply of natural menthol is derived entirely from Japanese-mint oil
whenever such oil is svailable and normal trade relatioms are not
interfered with.

For flavoring purposes peppermint oil, for the reason stated, is much
superior to Japanese-mint oil. In high-grade confections and other
products in which the peppermint Eavor predominates the latter
cannof, be used without unfavorably.affecting such producis. For
cheaper geods, or in countries where the public is less discriminating
than in the United S{ates, Japanese-mint oil may at times be used,
especially when it is available at a lower price. Dementholized
Japanese-mint oil, that is, the oil from which some of the menthol has
been removed, ne doubt finds a market, at times for such Iilurposes.
In the enforcement of the Federal Food and Drugs Act it has been
assumed that the public, when buying products designated as mint
flavored, expects that such produets contain peppermint oil, and it
has been ruled, therefore, that produets in which Japanese-mint oil
is used, whether natural or dementholized, must be labeled “flavored
with corn mint’? or “favored with field mint.”’#

FIELD TESTS AND OBSERVATIONS

The earliest recorded attempt to cultivate Japanese mint in the
United States appears to have been in 1885, when J. W. Colcord set
out about 50 plants at Liynn, Mass* Two crops were secured the
following year, but there seems to be no record of the final outcome

1 UNITED B1ATES DEFARTHMENT OF AGRICULTUHE. CORN-MINT 9L, LB, Depi, Apr. Berv. and Regulat,
Apnounc. Chem. 28: 15-30.
1 ANONYMOUS, JAPANESE PEPPEEMINT IN AMERICA, Chemist sod Yyruggiat 31: 73, 1887,
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of the experiment. Other attempts may have been made from time
to time without definite results, reports of which did not get into the
litersture, '
. BOURCES OF FLANTING STOCK

" For a number of years prior to 1919 the Division of Drug and
Related Plants, Bureaa of Plant Industry, svcured mint plants from
Japan that were reported to be of the type grown commercially in
that country for the production of ment;hsc;E hese plants, however,
were found undesirable heecause the oils obtained from them did
not, contain sufficient menthcl. The first authentic materisl, eonsist-
ing of foofs, was received in December 1919, through Koji Abiko,
agronomist, from the Hokkaido Agricultural Expenment Station,
Japan., These roots were planted in quarantine, where they were
kept throughout the following year. By the spring of 1921, 14
plants obtained from these roots were finally made available to $ie
Division of Drug and Related Plants, but only 1 of these survived.
From this 1 plant, cuttings were made during the winter of 1921-22.

The rooted cuttings were planted in clay-loam soil &t the Arlington
Experiment Farm of the United States ]gepartment of Agriculture,
Rosslyn, Va., in May 1922. They made o fair growth, started to
bloom early in July, and were harvested in October, much later than
desirable. Fresh herb at the rete of 6,000 pounds per acre was :ob-
tained, This was distilled, but, due to faulty equipment, scme of the
oil was lost, and therefore accurste data on the yield were not ob-
tained. The oil was examined with the following results: Specific
gravity at 25° C., 0.9010; acid walue, 0; menthol as esters, 18 percent;
free menthol, 70.69 percent; total menthol, 88.69 percent. The
relatively large proportion of menthol in combination as esters was
no doubt due to the fact that the ofl was not distilled until long after
the full-blooming pericd. The high * :tal menthol content, however,
was sufficient evidence that the original planting stock waa of a desir-
able type. Subsequently, these plants, designated as M-2, furnished
most of the planting stock for experiments, at the Arlington Experi-
ment Ferm and elsewhere.

Plants also were received from other sources. In 1922 a small
bed, designated as exhibition bed no. 33, was set out with plants
propagaied from & single plant with a strong menthol odor, selected
from a small planting of doubtful origin that had been maintained
for a number of years. No propagating stcck was af any time taken
{from this bed, but it was kept undisturbed for 7 years, and the charac-
ter of the oil obtained from it was observed throughout that period.
Thus it was possible to note the effect on the menthol content of pro-
longed culture of the plant in the same locality, and on the same plot
of ground without replanting and with practically no working of the
soil, with the exception of light surface tillage in the spring and some
hand weeding. This planting was designated M-1. The condition
of the plants in this bed in the fourth year is shown in figure 4.

In January 1922, a mint grower in Colon, Mich., obtained some
plants from Japan labeled ‘“Bingo Bitchu,” reported to be a high
menthol-vielding strain. After a period in quarantine, six of these
plants were retained in the Department and propagated in the green-
house until the spring of 1923 when o 100-foot row was set out on
clay-loam eoil in section E and designated M-3,




TECHNICAL BULLETIN 378, U.5. DEPT. OF AGRICULTURE

The Division of Foreign Plant Introduction, Bureau of Plant
Industry, received a supp%y of mint plants in December 1923, from
the Kitami branch of the Hokkaido Experiment Station, Nokken-
shimachi, Kitami, Japan. They were in such poor condition thatb
only nine were obtained from quarantine for propagating. They
were set in & bed under the slat shade 2t the Arlington farm, and in
1925 a row in section ¥ was planfed with runners obtained from this
bed. These plants were lnbeled M-8.

A consignment of plants was received in 1923 from Greensborn,
N.C., where they were propagated in the greenhouse from stock ob-
tained from Japan, These were also set ou$ in a 100-foot row in
section K and labeled M-5,

All of the foregoing plantings were maintained where, originally
planted. As stated, M-1 in exhibition bed no. 33 could not be given

iy 1s et ok A ER

= £ A

Figyrg 4,--Condition of plants in exhibition bed no, 32 after 4 years with only light surface tllage in the
spring and soma hand weeding.

.any cultural trestment, but those planted in rews were cultivated,
hoed, weeded, and in some cases new rows were set out from the nld
after the plants had spread encugh to prevent further working of the
goil. All were fertilized occasionally with manure to maintain reason-
able soil fertility and to improve the physical condition of the heav
clay loam. On{y the M-2 stock waz used for trials elsewhere, bo
on the siltloam soil of the farm flats and in various sections of the
country where cooperators desired to experiment with this mint.

PROPAGATION AND CULTURE

Mint plants grow and spread through numerous underground run-
ners, hence they require, for normal development, a deep soil, rich in
humus and retentive of moisture, but well drained. Light loose
soils that dry out quickly and heavy clay soils are equally unsuitable
for mint culture. Favorable types are mueck land, sandy loam river-
bottom land, and well-cultivated loamy upland. Peppermint and
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spearmint have been aatisfactorily cultivated on such soils, and there
is ample evidence that these should aleo be selected for Japanese ming.

Propagation is usually by means of runners in the same way as
peppermint is propegated. If possible, ground that has been deeply
cultivated and kept free from weeds the previous season should be
selected, in order to assure rapid root growth and a minimum growth
of weeds, It is well prepared, and furrows about 3 feet apart are
opened to a depth of 4 inches. The roots are placed end to end in
these furrows and then covered with soil which isliightly packed down.
When the young plants, developing from the roots, appear above the
ground the field 1 harrowed with a light spike-toothed harrow to
keep the ground mellow and to destroy weeds. Later, & corn culti-
vator may be used between the rows until the runners begin to grow
intc this space, when cultivation must be disconfinued. ggt):d
weeding must then be resorted fo if conditions require it. As thisis
expensive, 14 is undesirable to sslect ground that is especially weedy.
Weeds are usuelly s more serious pro%ll.em on muck soils than on other
types of ground. If conditions favor a rapid growth of the mint the
weeds are in part controlled by being deprived of proper sunlight,
parficularly within the rows.

Japanese mint does not develop such an abundance of runners as
does peppermint, and, therefore, produces less propagating material
than the latter, but the runners are not the only means of enlarging g
planting. When the young plants that come up from the root system
in large numbers are about 4 or § inches high they can be pulled out of
the ground readily with & small piece of rootstock attached and
transplanted with small loss. Thay are vsually set about 15 inches
apart in the row. These young plants wilt easily, and care must be
teken to prevent this as much gs possible, because wilted plants do not
become cstablished easily, and considerable loss will result. A good
plan is to place the plants in 2 bucket containing enough water to
cover the roots and transfer them as promptly e~ possible dirsctly from
the bucke! {0 the soil. As the setting of plants by hand is a slow
operstion, it is recommended that plant-setting machines, such as
are used for setting tobacco and tomato plants, be used when large
areas are to be planted. Im figure 5 a transplanter is shown planting
Japanese mint in California.

Arnother method of propagating is by vegetative cuttings. These
are mode from the herbaceous portion of the plant in much the same
way as other vegetative cuttings. They are rooted in sand and are
then transferred to pots or set directly In the field. In one case the
rooted cuttings were taken from the sand bed and set in the field
with only 5 percent loss. This method is doubtless more expensive
then those previously described, bus it is very practicable for experi-
mental work where it is desired to enlarge the plenting without digging
up the runners.

Under certain conditions, when planting stock is scarce and costs
are of secondary importance, g small quantity of runners can be made
to produce many plants by cutting them into small pieces and planting
them in 2-inch or 3-inch pots in the greenhouse. This method is
very satisfactory for experimental purposes but is too expensive when
providing stock for large areas.

Japanese mint produces seed rather freely and the plant may be
propegated by this means, but the method is unsatisfactory and does

177225°—83—3
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riot produce plents uniformly true to type. Im 1923 the planis grow-

ing in section E on the Arlington farm and designated M-3 were
sliowed to mature and produce seed. This was collected late in the
fill and sown in t};zfreenhouse the following March. It germinated
quickly and uniformly and in 3 weeks produced a fine stand of seed-

Iings, some of which were planted in pots. Early in June these were
set in the field without loss. Other seedlings were planted directly
to the field on the same day without haviag been previously frans-
planted to pots. The loss in this case approximated 50 percent.
By the middle of August the plants presented s variegated appear-
‘ance. The leaves ranged in type from small crinkly ones to unususally

>

FrausE 5—Transplanter being used io setting Yapsnese maint plants in Caltfornis,

large ones. The plants were from 8 to 12 inches high, and some were
well branched while others were but sparsely branched. The flower-
ing wes very irregular. The dry herb yielded on distillation 1.58 per-
cent of oil, with the following physical constents at 25° C.: Specific
ravity, 0.8987; index of refraction, 1.4555; angle of rotation, —35.99°.
%‘hese constants are within the range of those of & normsl oil, but the
menthol content was much too low. The oil contained 52.41 percent
free menthol and 7.8 percent of menthol as esters, or 60.21 percent
total menthol, The experiment demonstrates that propagation from
seed would be cntirely unsatisfactory even if it were not more expen-
sive and did not involve more Inbor than the recommended methods.
. The cultural conditions that affect the cultivation of Japanese
mint most unfavorably are soil acidity, spring frosts, and drought.
In extensive field tests in several localities in North Carolina’® it was
proved conclusively that in acid soils the plant will make a very poor
growth. This is {)l&iiﬂy indicated in figure 6, which shows the pgor
condition of the plants in sections of the field where the soil was very
aeid, s compareg with the condition of plants in sections in which the
soil was neufral or only slightly acid. A field where the soil is known
or suspscted to be acig should, therefore, not be selected for this crop
unless the condition can first be corrected by an application of lime,

# Conducted by Vick Chomleal Co.
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Japanese mint is somewhat more uafavorably affected by cold than
is peppermint. If & Jate spring frost kills the young plants that have
appesred above the ground, new growth is slow in developing, and
if the damage comes when the plants are 3 or 4 inches high the root
system does not appear to be capuble of producing new growth in
sufficient quantity to make s normal stand. Not only is the crop
yield thus directly reduced, hut the thinner stend resultsin a heavier
weed growth and less conservation of soil moisture, and these factors
further contribute to an unsatisfactory yield.

The development of creeping rootstocks, which is characteristic
of Japanese and other mints, requires considerable rainfall well dis-
fributed throughout the growing sesson. Periods of drought greatly
retard the growth of the plants, and the consequent reduction 1n herb
development lowers the yield of oil obtainable. It also causes the

FIauRE 6.—A flald of Japaness mint at Sands, Iih?s' sIho%ving on the left the serious effoct of soll acldity on
plagt,

leaves to fall, especially those on the lower parts of the plant, which
further reduces the oil yield.

Some experiments on the effects of fertilizers on the growth of the
crop and on the yield and quality of the oil were undertaken in 1923
on the Arlington farm flats. The fertilizer plots were not continued
in subsequent years because the roots were needed as planting stock
elsewhere, therefore, the results were inconclusive. Some beneficial
effect of potash on herb yield and on the menthol content of the oil
wes indicated, but definite conclusions from such a limited test are
entirely unwarranted. Mention is made of this single experiment
because the results point to the importance of & thorough study of
this subject. In 1928 and 1929 well-planned fertilizer tests on 2
considerable scale were made in a number of localities in North Car-
olina.® The complete data obtained in these tests have not heen
published, but it is reported that wheress the first year's results gave
very definite indicstions of important effects of certain fertilizer
elements, some contrary indications were obtained the following year.
It is obvious that information concerning the effects of fertilizers on

£ Conducted by Vick Chemlezt Co.
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Japunese mint and their bearing on the economic aspects of this crop
is nof, yet aveilable and that an elaborate series of carefully controlled
experiments over a period of years will be necessary.

HARVESTING

The harvesting of Japanese mint should take place when the plants
are as nearly as possible in what is usually referred to as the full-
blooming stage. The flowers of the mints develop progressively, that
is, there is no time when all the flowers on a pl%ut are at the same
stage. There is a time, however, when the field, as a whole, shows a
maximum amount of bloom, and that is the proper time to harvest
the crop. This may be accomplished either with grass seythes or
with a mowing machine, depending on the area under cultivation,
the cost of hand labor, and other factors (fig. 7). The cut herb ma;
be distilled immediately or allowed to wilt for some time in the field,
according to the practice followed with peppermint and spearmint

FIGURE 7.—Hatvesting Japanesa ‘mint with scythes ab Bonth Bend, Fed,

herb.” It may be left in the swath until ready to be distilled, or
reked into windrows after a period of wilting and then ﬂﬁlace in
cocks like hay for further curing (fig. 8). It should not be allowed to
dry enough to become brittle, because when handled in that condi-
tion many of the leaves will be lost, thus reducing the oil yield. The
importance of avoiding the losa of leaves is readily ascertained by
distilling the lsaves and stems separately, One such test gave the
following results: Weight of whole herb thoroughly air dried, 3,008
grams; weight of leaves, 1,812 grams; weight of stems, 1,196 grams;
percentage of leaves, 60.23; percentage of stems, 39.77; yield of oil
from leaves, 2.2 peércent; weld of oil from stems, 0.083 percent;
vield of oil from whole herb {(calculated), 1.36 percent.

The influence of the time of harvest with respect to the maturit
of the plant on the yield and quality of the oil has been observed.
In the case of Jopanese mint the effect on the menthol content is the
important factor rather than the effect on the physical constants and

? Commoersin! practices foilowed by grownes of these mints ara deseribed and Mustrgted In tha fa[!owlng
ublicatlon: BtEVERY, ARTHUR F., PEFPERMINT AND BPLARMINT AS FARM CROPS. U.8. Dapt, Age. Formers
uiletin 1555, 26 p., ilius. 3020,
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other characteristics of the oil. It has been concluded from numerous
observations that early harvesting results in an oil deficient in men-
thol. If harvesting is delayed considerably the oil obtained contains
a normal percentage of total menthol, but the latier is present to a
larger ‘extent in combination as esters. The yield of oil is likely to
" be less if the plants are too immature when cut; and if harvesting is
delayed too long there is generally a loss of the lower leaves, which
also Tesults in a reduced oil yield. : '

The probable effect of drying the herb on the yield and menthol
content of the oil is also of importance. On account of the volatile
nature of essential oils it is frequently assumed that drying of the
herb will result in a graduel volatilization of some constituents. This,
however, is not generally true, although some changes in physiesal
constants. may oceur, and the relative proportion in which certain

.7

T16UEE 8.—Japanese mint curing In cocks in Caltforniz.

constituents exist in a free and in a combined state may be affected,
In table 2 aré summarized the characteristies of the oils obtained
from fresh and dried herb in four experiments with M-2 stock.

Taare 2.—VYiedd and characteristics of oils obtained from fresh and dried herb in Jour
experiments with M-2 mint

Ylald and charactaristies

Speeific | Index of { Angleof | Com-
Tield of - Free Total
p gravity frefraciloni rotation | bined

oil gia5e O, [ut25% C. | at 25° C. | menthol | Menthol | menthol

Fercent Degrees | Perrant | Percent | Percent
0.23 —40.9 0. BY 17.33
1,29 . —4L1 6, 86 78.85

324 - —40. 81 7L92 77.568
1.14 . —41, 39 71.38 78.00

. 328 —4L. 15 TZ.10 18
L4 - —4L.78 73,87 80.01

357 . —41. 46 71,91 .76
1. 858 B 411 7216 79. 20

@

e M Mg
2R EB k& ss
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Lo

It will be:observed that in all cases the drying of the herl had the
effect of increasing the percentage of menthol present as esters. The
- ‘total ienthol content appears also to be slightly greater in the oils

distilled from the dried herb, although the .dgjﬁerence ig hardly suffi-
«clent to indicate any definite trend. Slght increases also are noted.
in the ?gaciﬁc gravity, index of refraction, and angle of rotation of
those oils. On the Wgole, the results indicate :t.hat-diying of the herb
. does not have eny important influence on the charseter of the oil.
“This fact makes it possible for & large grower to handle his crop at &
somewbst Jower cost. The capacity of his distilling equipment need
not be 8o lerge; the weight of the material hauled is considersbly less,
and economies in distillation are possible through lower fuel consump-
tion. Small growers without distilling equipment can stack or bale
their crops and later haul them to'a distilling plant in the neighbor-
hood. Whatever procedure is adopted it is necessary at all times to
:woic’:1 excessive loss of Jeaves through shattering, for reasons elresdy
atated.

Except in regions where lon, wing sessens prevail, only onse
crop can be cut in & season, Ing ’a%l;) South and in -tlfle Pacific North-
west it appeers thet under some conditions two cuttings may be
possible, while in central Californis two cuttings are entu‘elg; practics-
ble, and the feasibility of cutting the crop taree times hsas been
demonstrated by actual practice. This is discussed more fully on
page 33. There are several results that may arise from cutfing the
crop more than once 8 season, which should determine to what extent.
the practice may be followed to adventage. The quality of the .oil
from second and third cuttings may be .mea.vom&y affected, par-
ticularly the menthol content, and the development of two or more
full erops in & single season may weaken the planfs so that the life
of an established field is shortened or the yield and quality of the oil
in subsequent seasons is lowered. If such unfavorable effects do not
result from i, the practice is obviously advantageous because larger
returns are obtained. However, very early and very late cuttings

enerally yield less herb than those of midsummer, and, consequently
tess oil, unless there is a compensating grester percentage of oi
present. Some observations with regard to the quality of the .oil
from first and second cuttings obtamed at Greemsbore, N.C. are
recorded in table 3.

TasLE 3.~Yield and cheracteristics of oils distilled from ﬁrsz and second cuttings
of M-2 end M-5 mint at Greensboro, N.C., 1528

Yield and characteristics

Index of
Bpeolfic Angleof | Com-
gravl relrac- | Totation | bloed F Tatal

ty | X
o 230 &, YoRat |at 26° C. | menthot monthol

M-2: ' | Degrees | Percen
First cuttin ; . 0. 8063 1, 4670 —41.6 6.22
%Sm:ond eutting. | JEBSL | 1.4672 —41 4 433

Flest cuttln . . B3 1.4560 ~ 42,0 B.65
Second outtlsg... . . 8902 1. 4565 —41. 4 &7L

! Calenlatad,
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__Aninspection of the data in table 3 reveals several points of interest.
The oil from the second cutting in both eases contsined & lower per-
centage of combined, free, and totel menthol than the oils from the
- first cuttings, end the second cuttings yielded a reuch higher percent-
age,of 0il. The latter is probably due to the fact that & second
wih of herb usually contains fewer heavy stems aud relatively more
leaf material. The weight of herb cut from a unit area was not
recorded in this experiment, but the amount obtaided from the second
cuttings was doubtless considerably less than that from the first,
therefore, the actusl relative yield of oil obtained is not indicated.
Samples of oils from the first and second cutiings dbtained in Celifornis
showed no corresponding difference in menthol content, and, aceording
to reports, secong-ocubﬁ' nes in Japan do not yield oils of inferior quality.,
Unfavorable conditions late in the summer or failurs of the %erb to
reach the proper stage before it was cut may aecount for the decline in
menthol confent indicated in this experiment.

DISTILLING

‘The removal of the oil from Japanese mint is accomplished by dis-
tillation with stesm. The equipment required for this proecess is com-
paratively simple and consists of a metal or wooden retort or vat, &
condenser, and a receiver, The herb is firmnly packed into the retort,
into the bottom of which stesm is admitted. As the steam passes
.upward through the herb it volatilizes the oil which is carried with it
through an ocutlet a$ the top of the retort into the condenser, where
the combined water and 9il vapors are condensed. The mixture of
water and oil then flows info a small receiving vessel filled with water.
The oil separates and collects in & layer on top of the water, while the
latter flows out of the vessel from an opening at the bottom through
2 bent tube, or gooseneck, the outlet of which is on & level with the
top of the oil layer. By this arrangement the distillste water flows
from the receiving vessel as fast as it enters from the condenser, thus
permitting the upper oil level to remain at the same point.

The detsails of construction of distilling equipment are described and
illustrated in & publication® on peppermint and spearmint and, there-
fore, need not be included here. 'The gerneral arrangement and set-up
of such equipment is shown in figures 9 and 10, which show four sets
of retorts, condensers, and receivers used for distilling Japanese mint
and peppermint in Californie. Figure 11 shows a somewhat different
arrangement at Shafter, Calif. The various parts of the eguipment
cen be built according to simple specifications or can be obteined
from firms that specielize in the manufacture of such equipment.?

The time required to exhaust the oil from 2 charge of herb depends
on several factors. If ample steam is supplied to the retort as fast
28 it can be condensed in the condenser, the herb can be completely
exhausted in three quarters of an hour to 1 hour if it has been thor-
oughly wilted and pertly dried, #s is usually done in commercial
practice. If the %‘een herb is transferred to the retort directly after
cutting, considerably more {ime is required to remove the oil com-
pletely, because much of the steam is condensed by the herb itaelf,

1 Sga footnote 7.

* Distllling equipment must be properly registered to comply with the law.  Registration forms may be
obtained on-opnlication row the e of permits i the district in which the eguipment is{o m;wgmd
or from the Bltreou of Industrinl Aleohel, Trensury Dapartment, Washington, D.C..
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Small quantities of the oil dissolve in the condensed water; rapid
distillation Insures a minimum loss of oil from this cause.

F1auzE 8.—Front view of s 4-unit mint still used for distiliing Japanese mint at Portery|lle, Calif.

An examination of the distillate water obtained from four distilia-
tions indicated that from 1.15 to 4.74 percent of the total oil removed
from the herb went into the distillate. In terms of pounds of oil

Frounk 10.—Rear viow of the stili shown fn figare 8,

lost for 2,000 pounds of herb distilled, which is about the quantity
wsually packed into a retort of commercial size, this loss is equivalent
to from 0.4 to 1.32 pounds. In another erperiment, 445 pounds of
distillate water obtained from about a ton of herb vielded 1.8 ounces
of oil. Thie oil had the following characteristics: Specific gravity at
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25° C., 0.9002; index of refraction at 25° C., 1.4556; angle of rota-
tion at 25° C., —30.72°; menthol as estets, 1.6 percent; free menthol,
'75.42 percent; total menthol, 77.02 percent. Compared with normsl
oil, the oil dissolved in the water had a slightly higher gravity, a
«considerably lower angle of rotation, a smaller percentage of menthol
-esters, bub a normal total menthol content. Although the percentage
- of o1l recovered was small, it would perhaps be feasible in view of its

Fia0RE 11.—A commercinl Fapanese-miut still at Shafier, Calif,

menthol content to attempt its systematic recovery in large-scale
operations.

ACBEAGE YIELDS OF OIL

The available dat. on acreage yield of oil in the numerous localities
in which Jepanese mint hes been grown ere inconclusive. Most of
the experimental plots were too small and were not continued over a
sufficient number of years to permit conclusions to be drawn from the
data obtained. On the whole, however, the scattered reports from
eastern and central localities justify the statement that the yield of
oil from ar acre of this mint in good condition will average 30 pounds,
which is about the same as the yield obtained from peppermint.
Naturally, the yields reported from individual small acreages and
those calculated from small plots at the Arlington Jxperiment Farm
have shown a wide range, 811 favorable soil ¥ath good cultural prac-
tices 50 or 60 pounds of oil may be obtained, while on the poorer
upland soils yields below the aversge must be expected. In those
regions where climatological conditions make more than one cutting
possible, relatively larger yields should be obtained.

DISEASES AND PESTS

In the course of the numerous trisl plantings that were made in
various localities it has been observed that Japanese mint is gubject
to two diseases that will under certain conditions cause serious losses,
The frequency of their occurrence and the degree of their severity Iy

125 —33——3
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determined largely by climatic conditions. On the Pacific const, @s-

* pecislly in Cahfornia, a form of mildew attacks the plant at times

and causes a severe loss of leaves. It has been associated with the
Prevalence of fogs, but this connection has not been positively estab-
lished. The other important disease of this mint, which also causes
losses on peppermint and spesrmint, is a Tust fungus. This likewise
‘attacks the leaves and causes them to drop, thus greatly reducin,
the yield of cil. This disease is present throughout the commercia
mint-growing districts in the United States, but it is only under
weather conditions that generally favor the development of such
‘organisms that it becomes an important problem.

here are apparently no practical means of controlling either the
mildew or the rust. Regions in which these are severs year after
year are not adapted to the growing of Japanese mint. When they
oceur occasionally the best procedure is to cut the crop before the
damage becomes excessive, Even so, some loss will result if the crop
has to be distilled before it attains the proper stage of maturity.
The menthol content of the oil i also likely to be below normal.

In some of the early experiments at Greensboro, N.C.; a form of
oot rot was found in some of the plots which caused the plents to
wilt. Tt also appeared in the bedp of M-1 mint at the Arlington
farm in the summer of 1924, but disappeared after abundant rains.
It 18 supposed to be favored by lack of cultivation. This theory,
however, is scarcely supported by the fact that the rot did not re.
appear in the bed although no systematic cultivation of the ground
was possible. In the fall of the same year s more seribus oceurrence
of what appeared to be the same disease was observed in the plantings
at South Bend, Ind. Tn California, especially in the central part of
the State, some trouble has been experienced at times with a decay
of the roots when newly planted, entire fields having been lost on some
occasions. It is not ﬁnown whether this was caused by the same
disease, and the exact nature of the trouble does not appear to have
been determined.

Unfavorable cultural conditions, especially the lack of proper soil
and moisture, sometimes cause a chlorotic condition evidenced by a
ﬁﬂowing of the legves which drop off in large numbers. It is not

ikely that this condition will produce any large and continued losses.

The Iimited extent to which Japanese mint has been cultivated in
this country does not permit any positive statement regarding the
insect pests that are likely to cause Important damage if large areas
of the crop were grown in a locality for some time. Cutworms have
been found to do some damage when conditions are favorable,
especially in new plantings set out on ground that wes in sod the
previous season. These may be controlled by means of poisoned
bait.” In North Carolina small beetles did considerable damage in
several plots by eating the foliage, their presence being indicated by
numerous small round holes in the jeaves. Unless the beetles are
very numerous, damage to the plant itself is not likely to result, but
the loss of oil from the herb is in proportion to the amount of leaf con-
sumed. In the districts in Indiana and Michigan where peppermint
and spearmint are grown the mint fea beetle (Longitarsus mentha-
phagus Gentner) is & threatening pest. The adult beetles do damage

P WaLToN, W. R., CUTWORME AND THEIN CONTROL IN CORN AND OTHER CEREAL CROFE. T.5, Depl.
Agr. Farners” Bal. 73, 8 p., Hlus. 192, (Revised wi}
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by consuming the leaves, but more serious losses are caused by the

‘larvae that invade the main roots and stems where they feed on the
tissues, thus making the plant wilt and die. it is to be expected that
this insect will be equally destructive 6 Japanese mint. Some
.measure of control is possible through the use of poison dust.!

COMPARISON OF OILS FROM VARIOUS SOURCES
‘OILS OBTAINED AT THE ARLINGTON EXPERIMENT FARM

The Tesults of the analyses of the samples of oils obtained at the
Arlington Experiment Farm are given in the following paragraphs,
together with an interpretation of them on the basis of the conditions
under which the oils were obtained. In order to present the data in
their principal relationships, they have been grouped in tables 4 and 5.
Table 4 deals eutirely with the oils distilled from the plants designated
as M-1, M-2, M-3, M-5, and M-8, the sources of which have been
described previously, and all of which were own in rather heavy
clay-loam soil. Table 5 pertains to oils produced from M-2 plants
grown in somewhat larger sreas on the better silt-loam soil on that
part of the farm ususlly referred to as the flats.

1! Information on tbe mint Aea bestle and the methads of controlling it are contained in the Tollowing
nublicalion: GENTNER, L. (., THE MINT FLEA-BEETLE (LONGITARNUR MENTHAPHAGUS GINE.). Mich.
Agr, Expt, Ste, Spee. Bul, 155, 13 p., Mlus, 1925,




Tasrs 4.—Dala on oils oblatned from ‘stock M-1, M-2, M-3, M-6;, and M-6 grown in heavy clay-loam soil on the Arlington Efperiment
F‘arm, Rosslyn, Vea.

Physical constants of oll : Menthol in ofl

Yield
Date of | Stage of maturity ‘[’f oil ‘ )
g rom Specific | Iridex of [ Angie of |-Acid nuinber !
cutting when cut fresh gravity | refrac- rot§tion
herb ’ at tion at at
20°0C. | 2

Early blooming. ...
s Full bloom
Bed no, 33 Past blooming. .

. Full bloom. Very pale straw..
QGreenish yellow. ..
Slightly yellow

sIEgEoglRkas!

— et
Lt st i et

do.
Past full bloom. ...
Full bloom...
3 1 4566
Vury‘f);xfe Sstraw...| 1714685
QGreenish ye]low.. B

100-foot row, section E

ot ot

Partial bigom
Full bloom.

Seoon
882

Sli hily vellow_..
ale yellow ... 1.2 .
Lsss than 1....

| Sept. 12
Sept. 14

! Freshly distilled oils are neutral or contain only traces of acids, Higher values afe often found if the oils are examined some time after distillation,
; ‘1&) 2d5105t(i311ation made,

¢ Calculated on dry basis:
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TasLe 5.—Data on oils distilled from piants grown Jrom M-2 stock on sill-loam sosl (flats) on the Arlinglon Ezperiment Farm, Ro‘s‘sly’n, Va.

Yield Physical constants of oil . Meunthol in oil

. i f oil ‘ -

Year . Dats of Btage of maturity o ; .

Crop year from Specifie Angle of| A¢id nuinber ¢

planted P ! cutting when cut frosh Eravity st Com- Toial

herb at 20° tion at bined
G 20° O, | 25°0.

Percent
Full bloom 0.37 10, 8959
Budding. . 4%
Fuli bloom . Light straw.....

- Very pal¢ stra
Light yellow...

[-XE i)
918
25

o
&».&b»g
388

Tess than 1..._|
dn

g2g

-
e et g

Pnrtly in bloom .
Budding. . 206 Pnle greenlsh yellow_ .

=
<
o

Dark reddish yellow..
8lightly yellow.

Light yellow...

Pale straw_ ..

ESB2E3REED

swpséwxvgpppppwppp
SEEERRIARRSRR2IRNARS

0 3m s e

.;un-;.h".&
&

{

1 Freshlyc dlstﬂled oils are neutral or contsin only traces of acids. Higher values are often found if the oils are examined some time aftar distillation.
' No harvest in 1930 on account of severe drought,
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According to table 4, the planting stock M-1, M-2, M-3, M-3, and
M-86, sll obtained from different sources, was reasonably acceptable
with I:esgect. to its menthol-yielding qualities. Those designated
M-3 yielded oils with & total menthol content of over 80 percent from
the same planting for 4 successive years. Most of the propagating
stock obtained from the Arlington farm for planting elsewhere was
furpished from M-2 plents, both from the row growing in heavy
clay-loam soil and from the larger plots on the farm flats, - It will be
noted that on the heavier soil the quality of the oil remained consist~
ently good over a period of 6 years. In bed no. 33, M-1 plants with
very little cultivation maintsined themselves for 8 wyears with no
significant downward frend in the menthol cortent of the oil, although
the general vigor and growth of the plants depreciated gradually
from year to yesr. The M-5 plants, obtained from Greensboro,
N.C., where the original stock was sent from Japan, showed a dis
tinetly lower menthol content over & 3-year period.

The two points of special interest indicated by date in table 4 are:
(1) The satisfactory menthol content of oils produced on the clay-
loam soil, and (2) the failure of the menthol content to decline with
continuous cultivation. The theory has been held that under cer-
tain soil and climatic conditions Japanese mint deterioratesin menthol
eontent. If this should prove to be correct, the possibilities of grow-
ing the mint commereially in the United States would be greatly
reduced. It is interesting to examine the data in table 5 with partic-
ular reference to that point. As stated, the oils represented in this
table were obtsined from M-2 plants grown on silt-loam soil of fair
fertility and less heavy than the soil referred to in the previous table,
but not of the friable texture generally considered desirable for this
crop. In this group of experiments & series of plentings approxi-
mately an eighth of an acre each were made ennualily in 1923, 1924,
and 1925 and kept under cultivation for a number of years. In 1928
another new planting was made, which has been continued through
1931. The first two series furnished continnous records for 5 years,
the third series for 4 years, and the final series has elso been main-
tained for 4 years, but no data were obtained in 1930. It is at once
obvious when the dats is compared with that in table 4 that these
plantings have been less productive of menthol than the M-2 plants
grown m the clay-loar: soil. There were only two instances when
the oils contained over 80 percent of total menthol.

Furthermore, there appears to have been a rather distinet reduction
in menthol content after the third or fourth years. In seeking an
explanation of this tendency, which is contrary to the behavior of
the same stock in the clay-loam soil, several factors suigest them-
selves. The difference in soil may be respousible, although one would
more logically consider this the cause if the two soil types differed
more than they do. The methods of culture mey in part have been
responsible. The smeller plantings on the clay-loam soil copsisted
of single rows, with the exception of M-1 in bed no. 33. Cultivation
was somewhaet more thorough for that resson then was the case in
the large plots in which the plants were permitted to cover the ground
after the first year. This made cultivation difficult, except in early
spring, and weed contro! by hand weeding was less thorough than is
possible in row plantings. The prevalence of grass contributed to
the cultural difficulties in these plots and, as a result, in all the series
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of plantings the flelds were retained several years longer than their
condition would warrent in commercial practice. It is true that bed
ne. 33, also, could not be effectively cultivated, but here and in the
row plantings cleaner culture by hand weeding was possible.

From the stendpoint of commercial advantage it is desirable that
the oils contain a low percentage of combined menthol. Reference
to the tables shows that the oils from the larger plots contsin, on the
whole, a smaller proportion of combined menthol than the others.
Consequently, the two groups of oils are more in accord with respect
to their free menthol content than with respect to their total menthol
content.

OILS OBTAINED BY COOPERATORS IN VARIOUS LCCALITIES

In order that the effect of climatic and soil conditions on the char-
acter of the oil produced inight be studied, persons interested in the
possibilities of this mint were furnished with M-2 stock from the
Arlington farm for trial plantings in many localities. In addition
to the data thus obtained, it is possible to present with it in table 6
considerable additional data furnished by & cooperator ** under
whose supervision other plantings were made, especially in North
Carolina. Most of these plantings were made from stock originally
furnished to the cooperator from the Department’s M-2 stock, A
total of 52 locelities are represented in the table, of which 15 are in
North Carolina, 7 in California, 4 in Indiana, 3 each in Michiﬁan
and Virginia, 2 each in Oregon, Georgia, and New York, and 1 in each of
the following: Florida, Alabama, Oklahoms, South Carolina, Penn-
gylvania, Tennessee, North Dakota, Idaho, Wisconsin, Washington,
Iilinois, Maryland, New Mexico, and Missouri. From Greensboro,
N.C., data are available for 7 consccutive years; from Carroll County,
Va., and Sands, N.C,, 6 years; from Taylorsville, N.C., 5 years; from
Seneca ¥alls, N.Y., Gainesville, Fla., and Colon, Mich., 4 years;
from South Bend, Fort Wayne, and Warsaw, Ind., Auburn, Ala.,
Washington, N.C., Puget Istand, Wash., Demorest, Ga., Normsan,
Okla., and Blacksburg, Ve., 2 years; and from the remeining localities,
1 year,

1t Vigk Chewical Co., O boro, N.C.




TaBLE 6.—~Dala on oils distilled from plants grown in various localities other than Rosslyn, Va.

Year grown and locality

Planting stock

Age of planting !

Physical constants

- Menthol

Index of
refrac-
tion at
20° C.

Specifio
gravity
at20°C.

Angle of
rotation

at 25°C.

Remarks

1923:

Gr boro, N.C
Do

First year...._

Percent
2.07
1.9L

Seneca Falls, N.Y

Junction City, oreg....c
Soutl Bend, Ind

1.30
1.36

20,8001 {21.4572
18063 |1 1.4569
1 8063 |11.4585
23,8046 1 11.4500

Florence, 8.C.
1024

QGr "'“'0, N.C
Do

Seneca Falls, N.Y.

South Bend, Ind..

3.,8063 | 2 1.4578

11. 4509

Carroll County, Vn_.

North Wilkesboro, N

Taylorsville, N.C

Sands, N.C....

QGervais, Oreg...
1825:

‘Bethlehem, P

Cumberlnnd Clty, Tenn.
Au Gres,

Fmrmount N Dak
Warsaw, Ind

Delano, Calif._

Lewiston, Tdah
Greell)lsboro, N.C3.

do
.| Third year.
do....

Groomtown, N.C2

Do,
Sene]()m Falls CNYII

Brevard, N. Gl
Sands, N.C2

Taylorsville, N.Cs.

a

AY BWRERT

Porooy

L ]

S
ZLBER

CEES

Herb partly heated and
molded.

Herb moldy.
Do.

Plot no. 3.
Plot no. 1. Yield only 21
pounds per acre on account

of drought.
Plot no.2. Yield 30 pounds

per acre.

Yield 32 pounds per acre,

Yield 20 pounds per acre.
Yield 15 pounds per acre.
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do -

Carroll County, Va3
Belmy, 2 eanes

Colon, Mich,3. . =2o7> -

1028: - - :
Greensboro, N;C.3

Do meamra
Dodi.. ... NS
Bands, N.C.3

oopera
stock,

Taylorsville, N,O.3

Carroll County, Va...
Beneca Falls, N.Y,
Colon, Micha

Dowagiae, Michd___.,_._

Fort Wityne, Ind.s
Greensboro, N.C
Los Angeles, Cali
Princeton, Wig
Puget Island, V
Warsaw, Ind..
Sorento, 1.

breenboro, N.C3.

- Carroll County, Vo, ..
New Bérn, N.Q.3_

First yenr..._.
Not known._ .

Fourth year...

minalOn i

Third year

10

]

| DA

:do....u..

ourth year...
Not known....
First year

do....

om0, oo

~do..
~do..

Palo straw.....__.
Slightly yellow... .

Second year.....
First-year. ...

Fifth year,
do..

L LS,

PRSI | [+ P, -

Louisburg, N.C.3_ .

R s [ T

Fourth year.

First year..
Fourth year...

Demorest, Ga.3_..._....
Colon, Mich.s

‘Do.!__ﬁ....-;...
Fort Wayne, Ind.3_
Greensboro, N.C.3_
Chapei Hill, N.C.

Newark, N.Y .3,
Nappanes, Ind.3.

«wnnadO n

Cooperator’s
stock.

ch,
00sndasnr

Unknown

do. oo
Second year.

R . S, .

First year
do...

do.....

do..

See footnotes at end of table,

Yleld 25 pound; per acre.
Yield 16 pounds per ncere.

Plot no. 3..Yield 28 pounds

per acre,

Plot no. 1. Yleld 14 pounds
per acre (drought).

Plot no. 2. Yleld 32.5 pounds
per acre.

Yield 25 pounds per acre.

. Early planting,

Probably cut too early,

Plot no.3. Yield 30 pounds
per acre.

Plot no. 1. - Yield 32 pounds
per acre,

Plot no. 2. * Yield 20 pounds
per acre. {(Field infested
with crabgrass.)

Cut late (October).

Do.
Cut early (July).

Probably cut too early.
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TaBLE 6.~Data on oils distilled from plants grown in various localities other than Rosslyn, Va.—Continued

Physzical constants . Menthol

Year grown and Jocality | Planting stock ] Ageof planting | “dry Specific Index of
: ' gravity | TS
at20° C.| og0 5,

Percent . | Pet, .}
Cooperator’s | First year 3 L First cutting.
stock. ;

.

Second cutting.

Do
Modesto, Calif.3. ..., R e 3 3
- Torrey Pines, Calif....._ . Pale straw_ . 3 68,34 Grown in greenhouse.
Auburn, Alas__. .02 do 3
Pnget Is]nnd ‘Wash
Moyock, . 0._ - ‘ . . . 1 ;
Gmnesville, Fla.s. 9 . 3 Z. Short herb with. no. large

: stem!
Preston, Md . . . . 2 3 Herb contsined many large

mm.'L.lbuc.luer(u}e, N.Mex. . . . 3 A . Herb drled in tobacco drier.

Greensboro, N.C.3. & 4 . . . Plotne.3. Yield25.8 pounds:
. : \ per acre.

Plot no. 1.

Plot no, 2,

Do
Tay]orsvme, N.C.a
Sands, N.C.3
Carroll Oounty, Vad
Washington, N.C.3...._ | i.do. o iin

Haywood, N.C.3. do-_ [
Colon, Mich.3 Cooperator’s | Not known_

NS

Demorest, Ga2 M Second year._. -

Davisvills, Mo First year emaa]-

Norman, Okla.? do.. < Greenish yellow._

Auburn, Alas .. ... Second year... . Pal

Savannah; Ga. do. First year B Y

Shafter, Calif......uouue. o e Not known..
§

Blacksburg, Va.b.__. ... M-2.. First JOAF...l
lm(}alnesvﬂle, Fla.c.. d year__.

Greensboro, N.C.3. : Seventh yesr.
Carroll County, Va3 ...| 8ixth year.
Sands N.O.2 : do..

a

SnENyR Roansk

pomon®

HENVINOINOY JO "IdEd "§'08.¢ NILATIOG "(VOINHOXL QF

8%

Distilled in fiash condition.
Plot no. 3.

oot
288




* . Lenolr, N.G.s

First year
do

" WWeshifigton, N.GA.
e~ Dos

Dublin, Va .,

Norman, Okla

Dos Palds, Oalif.....

Ce Gainesville, Fla.¢
. Lo T

Second year:

First year..._..
nd yedr
First year

Third year_...|:

do

wao?]aclﬁburg, Va

buinesvﬂ.!e, Flas

First year
Fourth year...
Cdo

%419

+8976

4.74

Cut early on acctunt ot rust. -
| From 1928 stock;

Some large stems removéd. o

First cut, distilled .in- fresh
- condition on June 24, -
Seztgmd cuty distilled on Oct.

First cutting July 8. Dis-

tilled in-fresh condition.
Second cutting Oct. 13, Dis-
tilled in fresh condition. -

1This indicates the number of years the
1 These constants were determined at 25
3 Data furnished by Vick Chemical Co., Greensboro, N
4 Cooperation with School of Pharmacy,
# Cooperation with Alabama Polytechni
§ Cooperation with School of Pharmacy,
7 Cooperation with School of Pharmacy, University of Oklahoma.
¢ Cooperation with Virginia Polytechnic

. ¥ Caleulated on green weight,

plass

University of
¢ Institute.
University of Florida.

Institute.

.C."
North Carolina,

have been grown in the respective localities, but not in all eases without replanting to new ground.

5
g
R

B
i
‘?]}
1
%.

TOHLNEW
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. Some of the data included was furnished by cooperators; in other
cases samples of the oil were furnished for examination, and in still
others the dried herb was sent in for distillation. So far as possible
all available data are brought into comparizon In thig fable. This
includes informetion concerning the type of planting stock; the num-
ber of years the plants from which the oil BEI;IEIGB were obtained have
been under cultivation in the particular locality; the stage at which
the plants were cut; the percentage yield and estimated screage yield
of o1l; and physical constants and menthol content of the oils. As
many of the factors in connection with the distillations of the oils
were not subject to uniform conirol under the conditions of these
widely separated trial plantinge, inspection of the dats must be made
with due consideretion to that fact. This is especially true with
respect to those localities from which only 1 year’s results are aviuabls.

In view of the diverse conditions of production under which the
oils were obtained, their physical constants show 8 comparatively
narrow range of varietion. In the case of those oils that were not
examined in the Department laboratories the reported dats is confined
mainly to the menthol content, hence comparigon of the oils from all
the localities with respect to physical properties is not possible. Un-
fortunately the physical constants of some of the oils were determined
at 20° <. and those of others at 25°. The specific gravity within the
range of 5° appears to lie between 0.8950 and 0.9000, and the limits of
the index of refraction are epproximately 1.4550 and 1.4590. The
angle of rotation at 25° varied from approximately —35° to —43°.
The majority of oils when freshly distilf;d are nenrly neutral, but, on
standing, the acidity increases. In most cases where relatively high
acidity is indicated in the table the oils wers not examined until some
time after they were distilled. All of the oils that were examined
were found to be readily soluble in two volumes of 70 percent sleohol.

The most important deductions to be made from this table :oncern
the menthol content of the oils. Since the oils were produced in prac-
tically all sections of the country, and in some cases over & period of
years, even tentative indications regarding this important character
of the oil must be considered significant. The available data may be
studied with reference to two principal considerations: (1) The rela~
tionship between the geographic source of the oil end the menthol
content, and (2) the effect of continued culture in a locelity on this
character of the oil. To bring out more closely what relationships
exist with regard to the former, the date on menthol content hes been
reasgembled in table 7 in groups sccording to the principal sections
of the country.

From the southesst, north-centrzl, and western sections sufficient.
data are available to permit some conclusions to be drawn. In the
north-central and western sections the average total menthol content
was very nearly the same, namely, 78.94 and 78.71 percent, respec-
tively, whereas in the southeast section it was only 74.47 nFercant.
According to more limitcd data, the oils from the south-centrel section
contained 80.24 percent and those from the northeast section 81.01
percent. Among the 25 localities included in the southeast section
only 1 is shown with en oil containing as much es 80 percent total
menthol, namely, Cumberland City, Tenn. On the other hand, ouf
of 10 Iocalities in the north-central section 5 show percentages of total
menthol considerably in excess of 80 percent. Likewise. in the far
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TasLE 7.—Dala on the menthol conteni of the oils grouped aceording to the sections
of the United States in which they were produced .

MMenthel £

Beetlon and locality spﬁ‘ 1 || -section and tocatity

]

3

Zlorth Contral:

= w»pwwrppypé
ZNaBkagTes

[
™

]
-
L
k4

3

f:;'“gy]orwilie, ﬁ &
ashingeon K2
NnNr:g Itkeshora,

mogamon
F-4

Do

;
H
g apg

Tt Bt et B B et Bt
Bk ot ot B B B I ek bt
I

Aversge.

Bouth Central;
Norman, Okla_______
Davisville, Mo

Average

Wast:
Portarviile, Callf ___
2l Callir,

4

!l e
3
8

FRIERREEANSNANNER I3
EBERSBEBIQRELAREER Jzy

=

RBRERRINGILARY
2 EE Rl
5ieg 2

=

o | wpoowmeBonn
=

City,
Tenw .. ...
Preston, Md________.

Aversge

g5

e b DD ped D T St b et bt ko ek et 3 el B B ] $
i
Ll S e T Y e T P R Xy ]

S50 g gh I NS [0 D1 -

Sunssion O, G
uncilon reg_
Northenst: Lewlston, Id{im,.. -
Beneca Falls, N.Y___ To. 08
Nawark, N.Y 56,88 Avornge_ .
Betblsham, 78.87

Averags,

B3y

2]

et 3 B kb b e
bt 3 1 b 1 bt e
JRENERENERY
HERERIBILER

B AZdSBRERERE |18

B

Bouthwest:

sl awe
g3y

oo
»

81.01

1 I[&9047L41

1 Thesa flgures are aversges where more than 1 semple is included, the group averages belng simpls
averages.
1 Grown in grasnbouse,
¥ Horb heated Ig translt.
+ Herh dried at high temperature in tobaero drier.

Western States 5 out of 11 localities produced oils with more than 80
percent total menthol, It should be remembered, in this connection,
thet in all cases where more then one semple of oil was obtained from
a locality the total menthol figures given represent averages,
. Reference to the detailed date in table 6 will show that in the
southeastern section there were numerous instences of individual oils
that contained 80 percent or more of total menthol. Thus among
the 6 samples of oil from Carroll County, Va., there were 3 with over
B0 é)ercent menthol, and among the 19 samples from Greenshoro,
N.C., and the 5 samples from aylorsville, N.C,, there were in each
ccase 2 such oils. Although the olls produced af the Arlington farm
are not included in these groupings, they could well be included
emong thoee of the southeastern section. The 19 samples of oil
obtained from the larger plantings on the farm flats aversge 6.91
percent combined, and 76.70 percent free menthol, but only 2 indi-
viduel oils contained 80 percent or more of total menthol. It seems,
therefore, that conditions in the Southesstern States do not favor
the formetion of menthol o the same extent as those in the Northern
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and Western States. This conclusion is in accord with the opinion
that has prevailed $o some extent, but which had not heretofore been
supported by experimental evidence, that the Japanese mint, with
respect to its menthol content, is not as well adapted to the southern
a8 to the northern section of the country. .

As the menthol exisling in the oil in combination as esters cannot
be removed by refrigeration alone, oils with a low percentege of
combined menthol are desirable. Viewed from this standpoint, it is
found that the oils from the southeastern localities are relatively of
slightly greater value than those produced elsewhere, which to some
extent oggets the disadvantage of the somewhat lower total menthol
content. The data on combined menthol may, however, be mislead-
ing in some cases. Esterification increases after the plant reaches the
Efl—ﬂowering stage and, therefore, delay in cutting the herb frequently
results in an sbnormally hi‘gh percentage of combined menthel in
the oil. Such cases were observed rather frequently, especially in
connection with plentings over which there was no close supervision.
On account of the close control of most of the plantings in the South-
east by the cooperator at Greensboro, N.C., delayed harvesting was
perhaps somewhat less frequent there than in some of the other sec-
tions.

The effect of continued culture in the same locality on the quality

of the oil is very important in determining whether commercial
production in that section can be recommended. If a progressive
decrease in the menthol content of the oil takes place from vear to
year, continued commercial culture would require the frequent intro-
duction of new planting stock, which would result in o higher produc-
tion cost. It is believed that a locality in which such an effest is
invariably observed should not be selected for this mint. Table 8
shows the trend of the menthol content over o period of 2 or more
years of continuous culture in those localities from which data for
more than 1 year are availabls. It will be noted that in 7 of the 16
localities included, the oils from the final year contained more total
merthol than those from the first year. In the 6 localities in which
contnuous culture extended over af least 4 years there are 4 in which
the oils in the last years were higher in this respect than oils from the
first year's planting. During these years of culture the quality of
the oils varied, of course, but the important point is whether or not
there was a steady decline in quality. Apparently this is not the
C88e,
In this connection attention is directed particularly to the oils from
(Greensboro, N.C. It will be observed that the totai menthol content
declined from 78.03 to 76.90 percent in the second year and to 65.55
percent in the third year. %han this occurred it appeared that the
theory regarding the effects of continued culture in the South, pre-
viously referred to, was correct, but the recovery that took place in
‘the fourth year may be considered reasonable evidence that such is
not the case. The fluctuations in the total menthol content that
oceur from year to yeur are no doubt due to seasonal conditions rether
than to any general cumulative effects resulting from climatic condi-
tions in the southern latitudes,
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Taprx 8.—Varigtion in the percentage of total menthol in ofls obtained from the same
planting over ¢ period of 2 or more years

Percentaga of total menthol in—

Bection and locality
Third | Fourth | Fifth
Fear yesr

Aubuarn, AWM
Bl ksburg, Ve.._
Qa

th Cenotral:
Colon, Mich.___.
Bouth Bend, Ind_
Fort Weyne, Ind
Wa:ssw, Ind e

EEERARLER

8 Segy

g & p8B3 FIdpupgdd

]

Normnn, Oida...._._--_,,_-.
Puget Island, Wash 77.43 78,21

i Average of 2 cal dfs

4 Records do not indleate ape of the planting when firat data were cbtalied,
1 Avorage from ? planfings, both cut Inte (October).

+ Crap cut eazly-

COMMERCIAY, CULTURE
In the Fears during which the experimentsl work was in progress

a relatively small total acreage of the crop was under cultivation in
the southeastern and north-central sectione. Small acreages were
maintained in North Carolina {(fig. 12), in & number of localities, as
well a8 at South Bend, Ind., and Colon, Mich. (fig. 13). These,

FIaUaE 12.—A fine atand of Jap miat at G boro, N.C.
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however, were muainly intended to furnish information and a source
of f)la.ntmg stock for & larger acreage if it should be considered advis-
able to extend the crop. In only one State, Cslifornie, has the crop
been grown for commercial purposes, and it was still under cultive-
tion there in 1931. Its establishment in thet State and the history
of the undertaking since 1925 are briefly set forth in the following
para m]phs, insofar as suthoritative information on the subject is
available.

The first commercial planting, consisting of 2 acres, was made near
El Cejon, southeast of San Diego, in 1925, with planting stock pre-
snumably obtained from Japen several years previously. The roots
thus produced were used the following vears for planting 17 acres.
Two crops were cut which yielded only 15 pounds of oil per acre.

Fiouxe 1&«-"1"’1rswegrplax'xzing of Japanese mjn't_ag Colos; Mich.< - 5

Although the quality of the oil, which containéd 85 percent of men-
thol, was satisfactory, the yield, owing to the amall growth of the
plant on the heavy adobe soil'of this locality, was entirely too low to
Justify further expansion., Consequently, the entire acreage was dug
up and the roots were moved fo the central part of the State in the
San Joaguin Valley, where 60 acres were planted near Porterville.
Here the crop, on sandy-Joam soil with frequent irrigation, was more
of & guccess. It was cut twice, the second cutting yielding consider-
ably more material than the first. The oils obtained from these
cuttings varied little in their quality. The averaoge total menthol
content was 85 percent, of which all but 5 was in the free state.

In 1927, while the crop in thislocality was ¢ontinued, n triel plant-
ing of 2 acres was made at Shafter, in the lower end of the valley,
or: g sedimentary type of soll. Two cuttings produced under irriga-
tion yielded.100 pounds of oil. This high yield and the satisfuctory
behavior of the crop under 'the cotditions prevailing in that locality
led to a rapid expansion of the acreage there and the abandonment
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of the plantings in the Porterville locality. The indusiry has since
that time been centralized at Shafter, with 250 acres under cultiva-
tion in 1931.

With liberal use of fertilizers and with irrigation applied three to
four times @ month during the growing sesson, the crop is cut three
times from plantings after the ggt year. The first cutting is Light,
yielding 10 to 15 pounds of oil per acre. The second is heavier, pro-
ducing 40 to 60 pounds, while from the third, also light, 5 to 15
pounds are obtained, making a total yield ranging from 55 to 90
pounds of oil to the acre. These are average figures, but much
higher yields bave been observed. One 15-acre plot produced 50
pounds per acre from the first cuttings, 50 from the second, and 36
from the third, or a total of 136 pounds per acre. Late rains and
late frost in the fall make this yield possible. A 1-acre first-year
plot heavily fertilized and well cared for in a special test produced
200 pounds of oil. The oils contain on the average about 75 percent
of free menthol, but the proportion of menthol in combination in
the oils obtained lnte in the season is 6 to 8 percent, as compared
with 3 to 4 in those distilled from the first cutting.

In 1928 the crop was given u trial on a somewhat heavier sedimen-
tary soil in the vicinity of Dos Palos, Calif., where the growing season
is shorter. The results were encouraging and the acreage was con-
sequently increased. About 150 acres were under cultivation there
i 1931. Yields of 40 pounds of oil are obtained on the average from
two cuttings. Oils from the first crop contain about 8 percent of
menthol in combination and 85 percent of total menthol. Crops
obtained later in the season contain a slightly higher percentage of
combined and total menthol.

POSSIBILITIES OF THE CROP IN THE UNITED: STATES

When it is considered that in the United States Japanese-mint-oil
would find its principal commercial outlet as a source of natural
menthol, it is obvious that the possibilities of the crop in this country
are determined entirely by the economic stitus of that commodity,
The continued use of menthol in the industries is asgured, but the
production of the oil in Japan and the availability of the synthetic
product must be recognized as the factors controlling the price
situstion. So long as menthol remeins available at the low prevailing
price, the extensive introduction of the crop under domestic conditions
does not seem advisable. However, it wonld require an increase of
only & few dollars a pound in the market value of this produet to
agzure reasonable returns from the crop in favorable localities. The
experiments herein described indicate with reasonable certainty that
the plant is adapted to many sections of the country, particularly
in the North and West, and that the quality of the oil ma,yge expected
to be maintained with continued culture under the climatic conditions
prevailing there.

During the years when menthol prices are reasonably high it would
appear feasible to grow the crop in small acreages in sections where
labor costs are not too high and where it would not be in competition
with other crops yieldingghigh returns. 'This is especially true if pro-
duction costs can be reduced by the use of one disti ing outfit so placed
that it can conveniently serve 2 number of small growers. The crop
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appenrs to offer better opportunities in California than elsewhere.

uch larger yields of oil are possible there, because 2 and 3 cuttings
are obtained in a season and because the oils produced seem fo have &
uniformly high menthol content. Production costs are no doubt
bigher where irrigation is necessary, but the imuch lerger returns
more than offset the additional cost.

This investigation, if it has shown that the Japanese mint is not
& practical possibility as a farm crop at this time, has also demon-
strated that under certain conditions this country could in & reasonable
time produee 2 large proportion of its menthol requirements.

SUMMARY

An investigation was undertaken to determine the possibilities of
Japanese mint as a crop in the United States to furnish & source of
natural menthol, which is required in large quantities in domestic
industries and is at present o%tained mostly from Japsn where the
crop is grown extensively.

Authentic planting stock of this mint, known botanically as
Mentha arvensis piperascens, was obteined from Japan, and 1its
cultural requirements were determined by experiments on the Arling-
ton Experiment Farm, Rosslyn, Va., near Washington, D.C., and In
numerous other localities where growers were furnished with planti-
stock for the purpose. Information and data were also contribute
by ﬁriv.ate firms and institutions that were interested in this crop.

o qualities of the oils obtained from various localities and under
varying conditions were studied with particuler reference to their
value as sources of menthol. It was found that oils produced in the
North and West contain, on the whole, & larger percentege of total
menthol than those produced in the Southeast. Continuous cultiva-
tion over & period of years indicates that seasonal conditions cause
fluctustions in the menthol content of the oils, but that there is no
general tendency for the menthol content to decline gradually as a
result of the prevailing conditions in any one locality. It was shown
conclusively that Japanese-mint oii of satisfactory quality can be
produced in this country.

The development of & commercial zcresge of Japanese mint in
California is described, the economic factors that would determine
the suecess of the crop there and in other sections are discussed, and
the possibility of & repid expansion of the acreage to meet domestic
requirements when conditions make it necessary is emphasized.
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