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The problem of tracing normal food odors and off-oders to their souree
must witimately be solved by actaal identifieation and isolation of chemieal
components for individual study. To quote Turk (17): ““Much of our
present information on constituents of commoxn odors is purely nominal
and based on old and uncomplete research.” Such is the case for the onion,

Thus Semmler (3), in 1892, claimed to have obtained a sulfide of un-
knovm constitution from the onion, of the same molecular formula, but
different boiling point than the allyl propy] disulfide which he reports in
garlic oil. Kohman, (7) quoting Semmler as identifying allyl propyl disul-
fide as the onion flavor, meastred this quantitatively by oxidizing the
product of steam distillation with bromine to the sulfate state and deter-
mining sulphur gravimetrically. On the basis of the quantity of sulphur,
allyl propyl disulfide was caiculated. In an earlier paper Kohman (6)
atiributed the lachrymating properties of the onion 1o a thiealdehyde
(thiepropionaldehyde or thicallylaldehyde) which he determined by the
expedient of distilling the onion in vacue at 50° C,, oxidizing a weighed
sample of the distillate residue with bromine snd determining the sulphur
present. The amount of sulphar was equivalent to that in the thioaldehyde
whieh he hypothesized on the basis of the various observations made.
Propionaldehyde was also identified by isolation and formation of its
dinitrophenylhydrazone. Challenger and Greenwoad (2) then detected
n-propylthiol by absorption of the thiol in mereuric cyanide. They were
not able to determine whether it cecurs in the undamaged bulb or whether
it is liberated by enzyme action after slicing.

Since little positive infermation has been published concerning the |

volatile constifuents- of onions, it was decided to apply the methods of
instrumental analysis with the intention of outlining a technique which
may be applicable to most other food oder problems. The following work
is a repart on a mass spectrometric and infrared spectroseopic analysis of
vapors trapped at various low temperatut‘gs in the absence of air,

EXPERIMENTAL PROCEDURE

A model 21-203B Consolidated analyticn]l mass speetrometer and a Baird infrared
spectrometer were used in the pressnt work. Velatile constituents of snions were ol-
lected by trapping the vapors at —30°, -80°, and -100° 0, in a system a3 shown in
Figure 1. The contents of the traps were individually analvzed mass spectrometrieally,
and then condensed into the distillation tube, or examined by pas partition chroma-
tography {GPC). The distillation technique yielded between 3 to 5 cuts from the
contents of each trap. A trapping aystem made possible the collection of {ases sepa-
rated by GPC.

* Presentiy with the Bakelite Kesearch Center, Bloomfield, New Jersey.
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Figure 1. High vacunm trapping system and low temperature-low pressure distilla-
tion tube for prefractionation.

Preparation of system. Approximately 100 to 140 g. of onion are frozem in liguid
nitrogen, minced, and placed in the 500 ce. distillation flagk (Figure 1). Liquid nitrogen
coolant is placed around the flask while the system is evacuated to less than 0.1 micron
ef mereury. Thac flask is isolated from the traps, and the onion s permitted to warm
fo room temperature. A heat lamp or water bath may be used to speed the warming
progess provided care is taken to prevent overheating the sample, At no time should
the sample temperature exceed 30° C. It was found that slow cooling of the onion at thia
time to -30° C. ruptures the cells and yields a greater concentration of volatile matier.

Coltection of vapory, Coolant is applied to the first trap and the onion is permitied
to warm up and begin to distill into the first trap. The second and third traps are
likewise cooled and stopcocks are opened to permit collection of the volatile emanations
of the onion. The "“I’’ type trap was used for the latter stages of trapping in order
to maximize the ceoling surfaee to volume ratio. The fuaction of the glass weol used
in the first trap was also to create a greater effective cooling surface for this stage, and
te entrain micro-particles of frozen water.

It should be neted that tho system may be constantly evacvated or isclated from
the vacuum sonzee as desired while colleeting sample. Both icchniques were emplayed,
but it was found that the latter provides eleaner separations especially with respect to
water carryover, whereas the former technigue yields a greater comcentration of col-
lected vapors.

At least cight hours are required to provide adequate samples for anaiysis, and
overnight yuns usually dehydrate thoe onion sufficiently fo provide more than enouph
condensate.

A portion of the vapor phase contenls of each trap is analyzed directly on the mass
spectrometer and the residual is condensed into the distillation tube or separated by
vapor phase chromatography. The amount used for mass spectral analysis is quite
small (approximately 53107 moles) and does not represent serious reduction of
sample size.

The distiflation tube. The tube itself is an adaptation of a design originally used
by the Bureau of Standards ag an isothermal distillafion fube (10). A copper constantan
thomnsoounie mensures the internal temperature in the hottom af the distillation tube;

thermogouple

the column is packed with stainless steel balls, and a nichrome ribbon s wrapped

ra2!

-

THE ONION: GASEOUS EMANATION PRODUCTS

around {ke fube to supply the heat necessary to couduct a distillation. A variac is used
in series with a dropping resistor in a 115 ¥V AC power souree to supply approximately
15 to 20 wetts to the heater, depending upon the speed of distillation desired. Xt is
advisable to allow at least 6 hours for a single distillation from —190° C. to +23° C.
The tube has a capacity for approximately 1 ml. of liquid, but less material than this
is desired since only 1 to 5§ mm. mereury of vapor is collected in a 250 ml gas sampling
bottle for further analysis. Normally the sample size is too small for a liquid-vaper
phase equilibrium to exist in the column, so the purpose of the column as used herein
is to allow the vapors to fractionally diffuse through the packing. The gas bottle is
equipped with an obligue bore high vacuum stopeock and a 12/30 standard taper joint.

Distillatiozn, After analyzing the countents of one of the traps mass speelromet-
riealiy, the trap is attached to the high vacuum manifeld and is cooled with liquid
nitrogen. The system 5 cvacnated and a bulb to bulb distillation condenses the con-
tents of the trap into the lower porlion of ihe tube. The entire contents of the -80°
snd ~190° traps arc condensed into the tube, but since approzimately 855 of the mass
of the onion is collected in the —30° trap, it is necessary to obtain a small aliquot from
this trap for distillatien. A fraclion is collected when the pressure in the system ex-
copds 200 micrens of mercury, and the pressure dees not appreciably rise with increasing
temperature. Needless to say, the contenls of each trap iu distilled separately. The
fractions are then analyzed mass spectrometricaliv. Table 1 illustrates the results ob-
tained by applying this technique to an enion fraection.

TABLE 1

Contents® of a -150° C. lrap analyzed before and after separation by
use of the distillation {ube

1lole per ¢cent

gioedere After distiltation

Temp. desrees C. +25 —-117 -85 -80 —-42 +25
Tropy] smereaptal.. e 0.1 0 ] 0 1.0 a.5
Propionaldehyde 21.2 3.3 1.3 8.1 3.1 21.4
Acctuldehyile.. 0.5 0 Q 0 2.3 0.1
Carbon dioxid G5.8 941 98.1 9.3 1.5 0.1
Methyl alcohol 121 0.9 0.5 0.1 21 178
Hyilrogen sulfid [ 1.7 0.1 0 g 0

1 Caleulated :’\ir and water free. Zero values indicate less than 0.0550 detectuble.

Gas partition chromatography. A column (10 mm X 2 meter), packed with Celite 545
having diethyl hexyl sebacate as the non-mobile phase, was used with a Gow-Mzre
thermal conductivity cell as the detector. A flow rate of 50 ml. per minute of helium
was maintaized, and the column was thermostated at 25° 0. The gas phbase of each
trap was eendensed into a speeinl inlet system designed to minimize the volume of ihe
mixture, The sample was then vaporized and introduced into the column by displace-
ment with helium. Fractions were coliceted of each peak appearing on the chromato-
gram and analrzed mass speetrometrically.® Figure 3 depicts a gas-partition chromate-
gram obtained, with snbsequent mass speetral analysis of each fraction presented in
Table 2.

Mass spectrometric analysis. The gas bottles containing the various fractions ob-
tained by distillation or by chromatographic separations are introduced into the mass
speclrometer and a record is obtained which represents the fragmentation pattern of
the different molecules present in the sample: By applying ciassic technigues it ia pos-
sible to identify the components present frow their fragmentation patiern. It is not
the intention of the authors to discuss in greater detail the theory, celeulations of data,

¥ Phis technique ig deseribed in detail in 2 paper submitied to J. Agr. Foad Chem.,
by Stahl, Niegisch, and Levyr.
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Figure 2. Infra-red spectra indicating the presence of n-propyl mercaptan and
metkanol in onions, Top to bottom: 1) 0.05¢% propyl mercaptan in CC14; 2) CC14
extract of oniom; 3) CC14 extract of water solution collected in ~20° C. trap from

domestic yellow onion; 4) Methano! vapor phase; 5) —190° irap conlents of Spanish

onion, vapor phase,

or operation eof the mass spectrometer. The literature has excellont artieles which dis-
cuss the subjeet in great detuil (8, 8). By operating the instrument at high sensitivity
it is possible to detect less than 53¢ 1077 moles of a particular moleewlar species,

Infrared apalysis. Considerable difficulty was encountercd in deteeting small quanti-
ties of material present in addition to water in the -3¢° C. trap hecause of the pre-
ponderance of water, A carbon tetrachloride extract of the contents of this trap was
anzlyzed in a 0.1 sodium chloride cell against a carbon tetrachioride referenco cell.
The resulting spectrum is shown in Figure 2 and may be compared wilh a carbon
tetrachloride extract of a whole Waring blended onion, and a specirum of 0.08¢%
n-propyl mereaptan. It is scen that the characteristic frequencies related te n-propyl
thiol are found in the onion samples examined. The vapor phase contents of a ~190° C,
trap is zlso shown in Figure 2 and comparison with a gpectrnm of methanol iadicates
the presence of methanol jn the trap. A 10 em. sediuvm chleride cell was used for this
analysis.

TABLE 2

Contents' of a —190" C, trap analyzed before and after separation by
vapor phase chromatography

Mole per cent
o After separation

Cit anmber 1 2 3 1
Propy] mereaptan........ . 0 q 0 &} 0,1
Propionaldchyde.. 3.2 0 0 1] 89.9
Acetaldehyde., 2.3 [ 88.4 6.3 1.6
Carben diexid 83.7 100.9 1.6 L7 1]
Methy] alcehol... 0.8 1] # 9249 | 7.4

! Calculated air and water free. Zere valwes indicate less then 0.03% detectnblo,
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Figure 3. Chromatogram of the contents of a -190° C. trap fraction. (Sep analysis
of cuts obtained in Table 2.)

Adsorption. An attempt was made to emplay various adsorbants such as Drierite,
Asearite, Linde Molecular Sieves, alumina, ele., to facilitate the removal of the large
amounts of carbon dioxdde and water which tend to mask the deteetion of the sdoriferouy
onion components. It was found by pussing the contents of a ~80° C. trap over a column
of potassium hydroxide pellets, that the exit gases contained a smngll amount of di-
(n-propyl} disuifide,

RESULTS AND DISCUSSION

From the daia presented in Figure 2 and by mass spectral analysis,
the presence of n-propyl mercaptan and methyl alcobol is tmequivoeally
established.. Table 2 also eonclusively proves the presence of propionalde-
Lyde, acetaldehyde, and earben dioxide by virtue of the relatively large
coneentrations found in the chromatographic cuts (sce Mizure 3) when
analyzed mass spectrometrically, and by calibrating eompounds by gas-
partition chrematography (not shown).

Because of ihe zbility of the mass spectrometer to deteet very small
amounts of material in the presence of large diluents under certain condi-
tions evident to a mass speetrometrist, the detection of other materials is
reported below, although no verifying data applving other techniques is
offered. Extreme coution was exercised by the authors to eliminate all
evident sources of possible contamination, and thus to permit the claim
that the following are also true components of onion: propyl alcchal,
sulphur dioxide, hydrogen sulfide and di{n-propyl)disulfide. The latter
has & definite “‘sweet’’ odor typical of disulfides, and when eombined with
n-propyl mercaptan, a ereditable onion odor is produced.

Theoretical predictions. By applying the technigue of structural analy-
sis to the mass speetral seans, it is postulated that a hexenal may also be
present in onions. Struetural deductions drawn from z coniposite speetrum
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calevlated from more than 20 scans of various onien fractions indicated
that the compound may be 4-hexen-1-al. It is certain that the unknown is
not the “‘leaf aldebyde’ (2.hexen-l1-al) discussed by Guenther (3) beecause
of the dissimilar mass speeira of these two compounds. It was also ascer-
tained that the unknown is nol emethyl, -methyl acrolein, which is the
condensation produet of prepionaldehyde, and was first suspected, but also
eliminated because of differences in the ilonization fragmentation paitern.

Kohman (6) suggested that the lachrymatory principie of the onjon was
due te a thiolaldehyde. There was no evidence from any data ebtained in
this investigation that ecither thiopropionaldehyde er thisallylaldehyde was
collected in any of the traps. However, 2 compound of mass 90 has been
observed several times in the —80° traps which is known from Isotopic
measurements to contain one sulphur atom in the molecule. There are
eight obvious mass type isomers containing earbon, hydrogen, sulphur
and/or oxygen atoms which would have a mass of 50. Moleeules containing
nitrogen atem were eliminated because those which have one nitrogen
atorn have uneven molecular weights, and compounds containing more
than one atom of nitrogen and one sulfur atom do noi have molecular
weights of 90.

Isomers of Mass 90 Containing Suifur

O
Il
1. CH;~ S~ CH.~ CHO 5 CH.=CH-CH.—-8H
0 L SH
1 6 CH=CH~-(C—H
2 CH;~8 —~CH— CH. “OH
3. GyH,8H 7. HS — CH» - CH. — CHO
4 R—8—R (R+R =3MAS8a8) 8. HO — CH. — CH, — CHS

The spectrum containing the mass 90 unknown is also charaeterized by the

presence of mass 73 and 45 which are not common breakdown masses, They

could conceivably arise from cleavage of a hydroxy] group to give a mass

73, and either a carboxyl, — CSH, — CHLCH.GH, — CH. — 0 — CH,, —
q

OCHz — CHz or —~ C = 8 to produee a mass 45 fragment. It is readily seen

that the first four eompounds above do not meet both these requirements. \‘

Structural analysis alse eliminates the presence of an ether linkage, Com-
peund five, allyl sulphenice aeid, has never been isolated and is usually
considered an ntermediary indicating oxidation of a disulfide to a sulfinie
aeid. It is highly unlikely that this compound is present from the existing
information regarding sulfenic acids,

Attempts to synthesize compound six have failed. However, the hemi-

S SH
thial of propanienaldehyde, CHy — CHa — C—H, was readily prepared by
NOH

the addition of hydrogen sulfide to propionalaldehyde (80% yield). The
siructure was deduced {rom informaiion ebiained by infraved observation

[6]
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of the deerease of the earbony! band and formation of water accompanied
by inereasing eloudiness of the solution on standing. This observation
would imply the addition of hydrogen sulfide to form the hemithial, with
subsequent release of water and trimerization of the resulting propanthial.
Analysis of the mixture masz speetrometrically showed no iomizaiion to
mass 90 zlthough the data obizined by infrared indicated 80% of the
hemithial present. Insfead, ouly water, hydrogen sulfide and prepionalde-
hyde were found. Tkis indicafes the instability of the hemithial in the
high vacumm (310-° mm mercury) of the mass spectrometer jonization cham-
ber. The hemimercaptal prepared in this~Laboratory by the reaction of
acetaldehyde and methyl mercapian analyzes similarly by infrared and
mass spectrometric teekniques. It is asswmed that the hemithial of aerolein,
strueture six, will bebave in a similar manner in the mass spectrometer,
and will never ifonize fo the molecular weight mass. It is interesting to
note that the hemithial of propionaldehyde has a strong persisting onien-
like odor,

Compound seven, f-mercapio propionaldehyde, has been reported to
have a definite onion-like oder (4) and was suspected as an onion con-
stitnent. The predicted fragmentation pattern for this compound coincides
generally with the postulated fragmentation pattern of the unlknown,
except for the lack of a hydroxyl group which would aecount for a mass
73 breakdown. Compound eight, S-hydroxy propanthial, satisfies all of
the requirements of a predicted fragmentation for the unknown. In addi-
tion, this eompound would be expected to polymerize readily, accounting
for the low concentration of this material present in the volatile onien
vapors collected. It is coneeivable that the allyl thial predicted by Kohman
eould easily add water to produce the g-hydroxy propanthial postulated in
this investigation.

As it is well known that mercaptans oxidize readily to disulfides, it
was deemed necessary to show that diprepyl disulfide found could not be
formed under the conditions of isolation existing in this investigation.
Therefore, n-propyl mercaptan swas deliberately diluted to contain 20%
air, and the mixture was run through wet potassium hydroxide, which
were the eonditions existing during the initial detection of the disulfide.
No trace of the disulfide was found upon analrsis of the serubbed gases.

All onions used in this work were the common demestie yellow with
the exception of one determination made onr a Spanish onion from which
the infrared data establishing the presence of methanoi was shown, It was
found that the demestie yellow generally preduced the greatest amount of
cendensate other than water and earbon dioxide.

All data presented bave been obtained in the absence of air at room
temperature, and samples were analyzed entirely at very low pressures
te reduce the possibility ef oxidation, reduction or other chemical changes
which may take place. Vapors were condensed and stored at low tempera-
tures, which wounld retard the physical changes which may take place under
conditions existing in other investigations. A data were obtained within
48 hours or less after coliection of sample. This would suggest that all of
the compounds found, exist per se in the onion in contrast to the data of
Buck and Jeslyn (1) wherein they suspect the source of acetaldehyde in

7]
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broceoli to be brought akout by enzymatic decarboxylation after long ferm
storage in the frozen state.

It is difficult to assay the data obtained guantitatively, yel something
should be said as te the relative concentration of eachk material reported.
The following is a relative estimation of each component present, in de-
creasing ovder of eoncentration. The gross amounts of carbon dioxide and
water are not included in this tabulation,

Veryabundant  Abundant Small Trace

CH.0H CH: — CH. — CH.SH H.8 $0:

CH: ~ CH;— CHO CH: — CHO GH:— &5~ 8~ C.H;
CH.OH
CH, — CH = Cff — O, — CH, — CHO*
HOCH. — CH. — CHS*

* Buggested structures,

CONCLUSION

It is evident frem the datz presented in this paper that the analysis of
food odors is greatly simplified by applying modern instrumentation to a
quantity of starting material many orders of magritude less than that
required by classie chemical methods. In addition, it is partieularly well
suited to the analtysis of gases and vapors which are commonly overlooked
by other methods. It may be suggesied Lo the laboratory only set up for
classical chemical methods that all of the instrzmental techriques presented
need not be applied simulitancousty. Indeed, Infraved data en GPC or
distillation eats can be obtained quite successfully withent mass speetrom-
eter analysis provided larger samples are obtained.

There ean also be no ambignity as existed in the reports of earlier
investigators, The authors make ne claim that this work reports all of
the volatile odors emanating from onions, However, no evidenes of the
existence of allyl propyl disuifide reported by other investigators was
found despite the great care taken in processing samples and searching
for this compound. It is very likely with the advent of greater sensitivity
of gas partition chromategraphy that better separations will be possible in
the near future which will facilitate the detection of materials present in
extremely small concentrafions.

o~

Acknowledgments

The authors wish to thank My, Johw T. Walsh fer his assistance in obtaining some
of the data in this paper and to Mr. Geovge P. Dateo, Jr. for his eritieal review of the
manuseript.

LITERATURE CITED

1. Buck, P, A, axp Josuyy, AL A, Accumulation of aleohel in under-sealded broo-
coli. J. dgr. Food Chem., 1, 300 (1953).
2. CHALLENGER, F., aND GrERNw00D, D. Sulfur componuds of the genus Alliuni: De-
tection of n-prepylthicl in the enion, Bicckem, J,, 44, 8701 (1649).
3. Dpswisg, W. J. The application of mnss speetromstyy to probiems of ehemienl
analysi¢, (uari Eev, o, 23 (1953),
(8}

THE ONION: GASEOUS EMANATION PRODUCTS

4. Evins RESEARCE 1%p DEVELOPMENT CouroratTioN: Private communication from
I Hewitt to T. Mzsselstrom.

5. GUENTHER, B, The Essential Qils. Vol. 2, pp., 319.20, Var Nostrand Co., New York,
N. ¥. {1948). .

G, Kouyax, E. F. The chemical componentz of onfon vapors respensible for wound.
healing qualities. Scienee, 106, 625 (1947},

7. Kouxman, B, F. Orpion pungeney and onion flavar; their chemical determination,
Food Teckuology, 6, 288 (1952},

& Rock, 5. M. Qualitative analysis from mass spectea. drel. Chem., 23, 261 (1951).

9. Sesnier, ¥. W. Das Atharisehe 81 der Kuehen-Zwiebel. dreh. Pharm., 230, 443
(1892), -

1¢. SneraERD, M. The accurate determination of the gasoline content of natural pas
and the analytical separation of natural gazes by fractional isothermal distilla-
tion. Bur. Stds. J. Bes., 2, 1145 (1926).

11. Turk, A. Odorous atmospheric gases and capors: properties, colleetion and an-
alysts, dnn. N, ¥ decad. Sci, 58, 163 (1954).

fol




