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ABSTRACT

The volatile components of xye flour were isolated and
studied by gas-liquid chromatography. mass spectrcnnetry,
column chromatography paper chromatography, and ultra-
violet rpectrometiy. Tentative identification was made of
propanal, butanal, pentanal, but-2-enal, pent-2-enal, hept-2-
enal, oct-2-enal, hexanol, and gamma valerolactone. Identi-
fication of the following compounds was based on the
match of their relative retention times with those of au-
thentic compounds on two columns, Carbowax and Apie-
zon, and their mass spectral data: acetaldehyde, hexanal,
prop-2-enal, ethanol, 1-pentanol, and ethyl acetate.

INTRODUCTION

Rye is a cereal grain noted for its distinctive flavor.
It is used extensively in Russia and the Scandinavian coun-
tries, and is increasing in populanty in the United States.

In many studies of food flavor it has been found that
the odor and flavor constituents are concentrated In the
volatile fraction of the food. In common with these foods,
the odor and flavor constituents of rye flour are volatile.

The focus of this research was the volatile fraction of
rye flour and the identification of components of this
fraction.

Few studies have been conducted on the flavor of the
cereal grains. McWilliams (1968) in her study of wheat
volatiles showed the presence of carbonyl compounds, By
the use of gas-liquid chromatography, mass spectromeby,
paper chromatography, and melting point determinations of
2,4 dinitropbenylhydrazones, she identified acetaldehyde,
isobutyraldehyde, butyraldehyde, valeraldehyde, hexanal,
heptanal, octanal, crotonaldehyde, 3-niethyl-2-butanone,
2,2-dimethyl-3-pentanone, diacetyl, and ethyl acetate.

Yasumatsu et al (1966b) found three carbonyl com-
pounds to be responsible for the stale flavor of stored rice.
They analyzed head space vapors by means of gas-liquid
chromatography and correlated the data with sensory
panel evaluation of flavor. They identified propanal, ii-



valeraldehyde, and n-caproaldehyde. The same workers
(1966a) examined the vapor of cooked rice by gas-liquid
chromatography and infrared spectra and, found five
carbonyl compounds of which acetaldehyde and n-
caproaldehyde were positively identified.

Damrn and Kringstad (1963) pased carbon dioxide gas
over an agitated sluny of ground barley, and collected the
volatiles in washing bottles containing 2,4 dinitrophenyl-
hydrazine reagent. They were unable to demonstrate the
presence of carbonyl compounds in ground, raw barley.

Besearch on the volatiles of wheat bread has been
reviewed by Johnson et al (1966) and Coilyer (1964).
Many organic acids, esters, and carbonyl compounds have
been reported. They are believed to be produced as fer-
mentation products of yeast action and by the Maillard
reaction during baking.

Enthe (1960) investigated the volatile aldehydes of
rye bread. He cut pieces of crust and distilled them with
steam. Using 2,4 dinitmphenylhydrazine derivatives, he
was able to employ paper chromatography for identifica-
tion, and found the following compounds: inethylglyoxal,
oxymethylfurfuraldehyde, furfuraldet*yde, acetaldehyde,
methional, phenylacetnidehyde,. isobutyraldehyde, and
xnethylbutyraldehyde.

EXPERIMENTAL

Rye flour was secured from a northwest mill. The flour
was reported to originate from grain grown in North and
South Dakota, and was a blend of Frontier, Caribou, and
Antelope varieties. When received, the flour was trans-
ferred to glass jars and stored at 4 C.

Concentration of the volatile components of the flour
was achieved by a steam distillation under vacuum with
collection of the volatiles in cold traps. The system was
similar to that described by Lillard and Day (1961). It
consisted of a steam generator containing distilled water
which led to a charge flask containing a slurry of rye flour
and water in the proportion 1500 g. flour to 6 liters water.
These flasks rested In electric mantles, allowing the applica-
tion of heat as needed. They were connected to a series
of cold traps, the first containing dry ice, followed by dry
ice and ethanol, followed by liquid nitrogen as coolants.
Distillation was carried out for four hours. To defrost the
traps, those which contained large amounts of aqueous dis-
lillate were immersed in water to prevent breakage, while
the other traps were allowed to defrost at room temper-
ature. The contents of the flasks were combined for analysis.

The distillates were destined for ether extraction or for
reaction with 2,4 dinitrophenylhylrazlne reagent. For
ether extraction, the distillate was saturated with sodium
chloride, and extracted in a liquid-liquid extractor for 21
hours with 100 ml. of anhydmus reagent grade diethyl
ether. The ether extract was dried over sodium sulfate, and
concentrated by distillation until 15 to 20 ml. of essence
remained. The essence was stored at 5 to 60 C.

For preparation of 2,4 dinitrophenylhydrazones, the
reagent was made with 5N hydrochloric acid (Day, 1965),



and added on the day of the distillation. The reaction was
allowed to proceed overnight. The ifitrate was then ex-
tracted five times with hexane. The combined hexane ex-
tracts were washed with distilled water, and the bexane
removed by means of a rotary flash evaporator. The solids
remaining in the flask were dissolved in a minimum amount
of chloroform. This was allowed to vaporize at room tem-
perature until 1 to 2 ml. remained. The chloroform con
centrate was diluted with hexane to have the proportion
15 percent chloroform in hexane, for application to the
column.

Separation of the hydrazones of monocarbonyls was
accomplished by the method of Schwartz et al. (1952).
This method separates the hydrazones of saturated aide-
hydes, saturated ketones, alk-2-enals, and alk-2,4-dieuals,
in that order. They are visible as brightly colored bands on
the column.

A 3 cm. I.D. by 60 cm. column was packed wIth 10 g.
each of magnesia and Celite 545' suspended in 15 percent
chloroform in hexane. Magnesia 2665' was activated at
400° C. for 48 hours as recommended by Wyatt and Day
(1963). Celite 545, dried for 24 hours at 150° C., was
combined with the magnesia to improve flow qualifies.
Excess solvent was drained from the column, the sample
applied, and development carried out with chloroform in
hexane beginning with a 15 percent solution, followed by
a 30 percent solution, then by a 60 percent solution. The
eluates of the separated bands were dried by evaporation
at room temperature, and redissolved In minimum amounts
of chloroform in preparation for ultraviolet spectrometry
and paper chromatography.

Ultraviolet spectra of the eluates from the column
were recorded on a Model Cary 11 Recording Spectropho.
tometer. The wavelength at maximum absorption was com-
pared to reference values for authentic 2,4 diultropbenyl-
hydrazones cited by Jones et al. (1956) and Stitt et aL
(1960).

For paper chromatography, Whatman No. 1 paper was
spotted with chloroform solutions of the hydrazones re-
covered from the column, employing the method of Non-
alca et al. (1959). The papers were pretreated by a dip in
10 percent 2-phenoxyethanol in acetone and air dried for
10 minutes. Spotting was accomplished with a 10 ul.
syringe. Two spots were applied to the starting line on
each paper, one a known reference compound, the 2,4
dinitropeny1hydrazone of heptaldehyde,. the other the
unknown. Four to six papers were spotted for each dis-
tillation and developed for 16 hours in a 14.5 cm. by 45
cm. chromatographic jar for descending chromatography.
The developing solvent was heptane saturated with 2-
phenoxyethanol. Rh values were calculated as the ratio of
the distance moved by the unknown to the distance moved
by the reference compound.

For gas chromatography, the concentrated ether extract
was analyzed on two columns 20 percent Carbowax M and

'Celite 545 Johns Manville Corp., New York, New York
'Magnesia 2605 Fisher Scientific Co., Fairlawn, New Jersey



Apiezon L on 80-100 mesh Celite 545. Operating condi-
tions were: Carbowax 20 M,isothermal for one hour at
75° C, programmed at 2° C/min to 150° C; A.piezou L,
isotheimal for 2Z mm. at 100° C, programmed at
C/mm. to 185° C. Authentic carbonyl compounds were
tested on both cohuuns under the same operating condi-
lions. Relative retention times were calculated for all peaks
using ethyl acetate as a reference compound.

Mass spectrometry data were obtained by means of an
Atlas CR 4 single focusing mass spectrometer which was
connected to a gas-liquid chromatograph.. The Carbowax
column as previously described was used with a tempera-
tare program of 75° C for 30 minutes and a 20 C/mm.
rise to 150° C.

RESULTS AND DISCUSSION

Following vacuum steam distillation the odor of the
trapped volatiles was noted. The first trap bad a mild cereal
odor while the later traps which were chilled In liquid ni-
trogen had an intense rye odor. The odor of the ether ex-
tract was also noted. To test this, a strip of filter paper was
dipped therein, the ether allowed to vaporize and the odor
noted. The odor was eztremely strong, reminiscent of sulfur
compounds, strong cereal and rye flour odor. The strong
áereal odor of the distillate and of the ether concentrate
indicated a good recovery of rye volatiles.

The first step in analysis of the unknowns was the
identification of the classes of monocarbonyl compounds
separated by column chromatography. The 2,4 dinitro-
phenylhydrawnes from the rye flour dislillste separated
into three distinct, colored bands on the column. A mix-
ture of four authentic compounds representing each of the
classes of carbonyl compounds, separated into four distinct
bands. The colors representing the single compounds were
very clear and distinct. The colors of the separated bands
from the unknown were due to mixtures of compounds,
and the colors were less distinct. They were not considered
to be definitive, hence other tests were used to help estab-
lish the identity of the bands.

Ultraviolet spectra from the first band showed a maxi-
mum absorbance at 358 mu which is characteristic of
alkanals. The maxitnum absorbance of the second band
occurred at 360 and 363 close to values reported for com-
pounds in the alk-2-enal class (Jones, 1956). The lower
values found for this band from the rye volaliles may have
been due to the fact that some alkanals, having maximum
absorbance at lower wave lengths, may travel with the
a&-2-enals. The bright lavendar color of the third band was
sufficient to identify it as alk-2,4-dienals.

Rh values for earbonyl compounds, calculated as the
distance moved by the unknown/distance moved by the
hydrazone of heptaldehyde, are given in Tables 1 and 2.
On the basis of these values the following compounds were
tentatively identified: acetaldebyde, pmpanal, butanal,
pentanal, prop-2-enal, but-2-enal, pent-2-enal, hept-2-enal
and oct-2-enal.



Table 1. Paper Chromatography of 2,4 dinitrophenylhy-
drazme derivatsves of alkanals in rye flour distllls1e
(The Rh value is the distance moved by the unknown!

distance moved by the hydrazone of beptakiehyde)

Rh
Tentative Paper Rh Value of Value reported by Nonaka,

Identification No. Unknown Pippen, and BaIley (1959)

Acetaldehyde 5 0.28 0.25
6 0.33
7 0.24
8 0.27

Propanal 3 0.38 0.40
8 0.46

Butanal 1 0.50 0.52
4 0.48
5 0.54

Pentanal 2 060 0.85
3 0.64
6 0.64

Gas-liquid chromatographs of the ether extraet are
shown in Figures 1 and 2 Relative retention times were
calculated using ethyl acetate as the reference compound.
Retention timea of a number of compounds, represented by
the peaks in the graphs corresponded to those of authentic
compounds that were injected on both cokunns under con-
ditions dupheating these for the rye volatiles Only those
carbonyl compounds present in rye flour volatiles that were
corroborated by mass spectral analysis are reported here
(Table 3).

Table 2. Paper Chromatography of 2,4 dinitrophenylby-
drazine derivatives of alk-2-enals in rye flour distillate

(The Rh value is the distance moved by the unknown!
distance moved by the hydrazone of heptaldehyde)

RH Value Rh
Tentative Paper of Value reported by Nonaka,

Identification No. Unknown Pippen, and Bailey (1959)

Prop-2..enal 4 0.18 0.20
5 0.20
6 0.20
7 0.18

But-2-enal 1 0.32
2 0.28
3 0.29
4 0.31

Pent-2-enal 7 0.38 0.40
8 0.46
9 0.47

10 0.47
12 0.44

Hept-2-enal 5 010 0.70
6 0.70

Oct-2-enal 11 0.81 0.80
12 0.84
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Figure 1. Chromatogram of volatile componenb of rye flour (SecaL cereale), using a Carbowax 20M column. Conditions were; coluinn
12 ft long. 1/8 in. O.D., 20% Carbowax 20M on 80-100 mesh Celite, N flow rate-25 rnl./min., isothermal at 75°C.



Table 3. Identification of compounds based on relative retention times and mass spectral analysis.

Carbowax column Apiozon column

Mass
SpectraCompound

Peak No. tr/tr Ethyl Ecetate
Unknown Known

Peak No. tr/tr Ethyl Ecetate
Unknown Known

Acetaldehyde 3 .22 .25 2 .54 .49
Ether 4 .41 .31 3 .63 .63 x

Ethyl Acetate 8 1.00 1.00 1.05 1.00 x

Ethanol 9 1.19 1.27 .63 .83 x
Prop-2-enai 11 1.63 1.81 4 .80 .72 z
Hexanal 17 3.32 3.41 12 3.53 3.30
1-Pentanol 21 9.12 8.56 10 3.03 3.08



FIgure 2. Chrosnatogram of volatile components of rye flour
(Secale cereale) using an Apiezon column Conditions were
column 12 ft. long, 1/Sin. O.D., 20% Apiezon L. on 80-100 mesh
acldbase washed Celite 545. N, flow rate-25 mL/min. isothermal
at 100°C.

Mass spectral analysis also demonstrated the presence
of ethanol, 1-pentanol, and ethyl acetate, which were then
corroborated by tr values on both Aplezon and Carbowax
columns. Mass speci.ial data also indicated the presence of
1-hexantil and gamma valerolactone, but these were not
confirmed.

Following is a list of com ds present in rye flour
volatiles demonstrated by mate g relative retention times
for known with unknown compounds on two gas-liquid
chrosnatographie columns and by mass spectral analysis:
acetaldehyde, hexanal, 1-pentanol, ethyl acetate, and prop-
2-enal.
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