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ABSTRACT

Extraction of a pre-ferment with diethyl ether or of the condensed gases
with carbon tetrachloride was ineffective for obtaining sufficient minor flavor
constituents for analysis by gas chromatography using thermistors as detec-
tors. Passing the natural gases from a pre-ferment through 2,4-dinitrophenyl-
hydrazine reagent was a convenient way of isolating carbonyl compounds in
reasonable quantity. Nitrogen also was effective for sweeping the carbonyl
compounds from a pre-ferment.

Formaldehyde, acetaldehyde, acetone, isobutyraldehyde, n-butyraldehyde,
methylethylketone, isovaleraldehyde, and n-valeraldehyde were detected by
gas chromatography of the precipitated carbonyl derivatives by heating the
mixed hydrazones in the presence of alpha-ketoglutaric acid. All of these but
n-valeraldehyde were isolated from the precipitated mixture by passing it
through a Celite column. In addition, 2-methyl-1-butanal was isolated by
column chromatography. Individual components were identified by com-
paring them with authentic compounds using paper chromatography in
two different solvents and by ultraviolet and infrared spectral analyses.

There is much interest in pre-ferments and their use in continuous
processes for breadmaking. Some, however, consider the flavor of
bread made by the continuous processes inferior to the flavor pro-
duced by the customary sponge process. Efforts are needed, therefore,
to improve flavor characteristics of pre-ferments used in continuous
processes. Since much of bread flavor originates during fermentation
and since alterations in processing provide opportunities to modify
or intensify flavor, knowledge concerning flavors produced in pre-
ferments is essential to advance continuous breadmaking methods
and to improve the organoleptic qualities of bread.

The small concentration of flavor compounds in pre-ferments
makes analyses difficult. Even with the most sensitive methods, such
as gas chromatography, it is necessary to concentrate the compounds
by extraction, distillation, formation of derivatives, or by column
or paper chromatography. Extreme care must be exercised while pre-
ferments or pre-ferment extracts are being concentrated because of
the volatile nature of flavor components and because of possible
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interactions of certain components.

Johnson, Miller, and Curnutte (5) and Smith and Coffman (18)
have investigated chemical compounds produced in pre-ferments.
Using  paper and column  chromatography, Johnson, Miller, and
Curnutte (5) analyzed for organic acids and esters and obtained
some quantitative data. Using gas chromatography, Smith and Coft-
man (13) separated and identified several of the neutral components
of pre-ferment. Neish and Blackwood (6) determined the organic
acids and certain other compounds produced during the dissimilation
of glucose by yeast. One of the carbonyl .compounds measured quan-
titatively was acetoin (6). Visser't Hooft and de Leeuw (14) demon-
strated that acetoin is slowly oxidized to diacetyl, but because of its
high volatility, little diacetyl was found in the finished bread.

Ng, Reed and Pence (7) and Wiseblatt and Kohn (15) examined
baked bread for compounds that may be responsible for bread flavor.
It is likely that several of the flavor compounds in bread arise from
the baking, whereas others originate during fermentation (9). This
paper describes the isolation and qualitative identification of several
volatile compounds, mainly carbonyls, which are present in pre-
ferments.

" Materials and Methods

" The pre-ferment used throughout this work was the salt-buffered
type employed by Robinson et al. (11). The analyses of pre-ferments
for constituents involved extraction with ether after 4 hours of
fermentation, collection of gases evolved during fermentation, and
formation of derivatives from extracted or collected carbonyl com-
pounds. Further isolation and identification of flavor components
were based on paper, column, and gas chromatography supplemented
with ultraviolet and infrared spectroscopy.

Gas Chromatography. The gas chromatography unit used was a
Perkin-Elmer Vapor Fractometer Model 154-C2 equipped with ther-
mistors. The columns were 14-in. X 6-ft. tubes packed with the ma-
terials noted in Tables I and II. The experimental conditions for gas
chromatography are noted in Tables I and II. '

Extraction of Pre-ferments with Diethyl Ether. A 200-ml. portion .
of freshly centrifuged pre-ferment was extracted in a separatory funnel
with 40 ml. of diethyl ether. This ether layer was removed and added
to a fresh 200-ml. aliquot of pre-ferment along with—20- ml. of
additional ether. Extraction was completed as for the first portion

2The mention in this publication of a trade product, equipment, or a commercial company ‘does not
imply .its endorsement by the U.S. Department of Agriculture over sumlar products, - companies, etc.,
not named.
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and the process repeated until 1,200 ml. of pre-ferment were extracted.
The ether layer from the last 200-ml. aliquot was centrifuged, and
the ether was decanted into a glass-stoppered vial and dried over
anhydrous sodium sulfate before being analyzed-in the gas chromato-
graph, using-30-ul. quantities. '

Extraction of Condensate from Evolved Gases with Carbon Tetra-
chloride. Sixteen liters of pre-ferment (11) were allowed to ferment
in a 5-gal. polyethylene bottle connected in series by tubing to two
I-liter wash bottles in Dewar -flasks. The first bottle was surrounded
by an ice-salt" mixture and the second by a dry ice-acetone mixture.
The liquid (approximately 12 ml.) in the first trap. was added to
the dry-ice. trap and the resulting solution extracted in a separatory
funnel with 5 ml. of carbon tetrachloride. The separated solvent was
stored in a glass-stoppered vial over anhydrous sodium sulfate and:
placed in a deep freeze until analyzed by gas chromatography using
30 pl. quantities. Carbon tetrachloride was chosen as a solvent because
of its high density and stability and because ‘all 1mpur1t1es could be
removed by repeated distillations. ;

Confirming the Presence of Carbonyl Compounds in Extmcts To
demonstrate . the presence of carbonyl compounds in the extracts, a
1-ml. portion was shaken intermittently for 30 minutes with 1 ml. of
water containing 100 mg. of sodium bisulfite (1). This treatment
resulted in the formation of a complex between the bisulfite and
the carbonyl compounds ‘and the elimination of the -peaks due to
carbonyl compounds in the gas chromatogram. Most of the water was
removed by freezing in a deep freeze for 15 minutes and the remain-
der by drying over anhydrous sodium sulfate. Thirty-microliter quan-
tities were analyzed by gas chromatography.

Formation ‘of Hydrazones from Carbonyl Compounds in Evolved k
Gases: Derivatives of carbonyl compounds formed during the first 6
hours of fermentation of a 16-1. pre-ferment were prepared by passing
the gases first through a wash bottle surrounded by an ice-salt ‘bath
and then through 250 ml. of a filtered 2,4-dinitrophenylhydrazine
solution prepared by stirring 3 g. of the solid reagent in 500 ml. of
2N hydrochloric; acid. The solution containing the precipitated
2,4-dinitrophenylhydrazones (hereafter abbreviated 2,4-DNPH’s) was
cooled at 5°C. for 3 hours and filtered. When the filtrate was ex-
tracted twice with two-fifths the volume of ethyl acetate, a second
batch of hydrazones was obtained. When the “filtrate was stored at
5°C. several days, a third group of light-yellow crystals formed.

It was also possible to remove the carbonyl compounds which
remained in the. .pre-ferment after active fermentation:. This was
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achieved by adding mercuric chloride to prevent further fermenta-
tion and sweeping the pre-ferment with nitrogen gas which was then
passed through the 2,4-dinitrophenylhydrazine reagent. The carbonyl
compounds’ isolated were the same as those isolated during active
fermentation. Quantitative analyses of the flavor compounds isolated
in this manner should be indicative of the quantities present in
pre-ferments used commercially.

Separation and Identification of Carbonyl Hydmzones The car-
bonyl hydrazones were separated by two different techniques, both
of which employed the recrystallized solids separated from the
2,4-dinitrophenylhydrazine reagent. One method involved separating
individual hydrazones by column partition chromatography (4), using
Hyflo Super Cel in place of Celite Analytical Filter-aid because
satisfactory separation was obtained in one-fifth the time. The second
method involved gas chromatography of the volatile carbonyl com-
pounds which were liberated from these hydrazones by heating in
the presence of alpha-ketoglutaric acid (10).

Identification of the carbonyl compounds separated by column
chromatography (4) was also accomplished by descending chrom-
atography using Whatman No. 1 paper. The solvents used were
2-phenoxyethanol-heptane and N,N-dimethylformamide-decalin (7).

The ultraviolet spectrum analyses of the separated 2,4-DNPH’s
were made on a Beckman (Model DU) spectrophotometer by two
methods. Absorbance was measured by using the chromatographed
paper spot of the respective carbonyl compound (8) and by using
chloroform solution of the eluted purified carbonyl compounds The
latter method was more reproducible and reliable.

The infrared spectrum analyses of the separated and purified
2,4DNPH’s and known carbonyl compounds were obtained by the
potassium bromide technique  (13-mm. pellets) and a Perkin-Elmer
Model 137 Infracord spectrophotometer. In cases where only micro
quantities .of 2,4-DNPH’s were available a 1.5-mm. pellet was em-
‘ployed..

Preparation of Known Carbonyl Derivatives. The 2,4-DNPH’s of
known carbonyl compounds were prepared .and purified by the
techniques:of Shriner, Fuson, and Curtin (12).

Results and Discussion

Flavor Components in Ethyl Ether Extracts of Pre-ferments. The
ether extracts. of pre-ferments were analyzed by gas chromatography
with the results shown in Table 1. Ethyl alcohol was the main com-
ponent, but lesser amounts of ethyl acetate, isobutyl alcohol, and
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TABLE 1
FLAVOR COMPOUNDS DETECTED BY GAS CHROMATOGRAPHY IN AN ETHYL ETHER EXTRACT
OF PRE-FERMENTS AND IN A CARBON TETRACHLORIDE EXTRACT OF
EvOLVED GAS CONDENSATE FROM PRE-FERMENTS

RETENTION TIME

Coﬁf’;":::::nnv Column A2 ' Column XP
 PRE-FERMENTS Compound Authentic Compound Authentic
in Extract Compound in Extract Compound
. minutes minutes minutes minutes
Compounds extracted from
pre-ferment with ethyl ether
Ethyl alcohol 3.0 3.0 St e
Ethyl acetate 5.6 5.6 12.6 12.6
Isobutyl alcohol 9.3 9.3 21.7 21.3
Isoamyl alcohol 205 . 21.2 47.8 48.0
Compounds present in carbon
‘tetrachloride extract of dry
ice-acetone condensed gases
Acetaldehyde 2.0 1.9 4.5 44
Ethyl alcohol 3.0 3.0 7.0 ] 6.8
Ethyl acetate 5.7 5.6 124 12.6
Isoamyl alcohol 21.2 212 482 46.7
Solvents ' )
" Diethyl ether 1.9 . 4.2
Carbon tetrachloride : 7.5 164

4 Celite 545 (60-80 mesh) coated with 209 by weight of diisodecyl phthalate; column at 98°C.; helium
flow 32 ml. per minute.

b Celite 545 (80-100 mesh) coated with 30% by weight of di(2-ethyl-hexyl)phthalate; column at 98°C.;
helium flow 11.3 ml. per minute.

¢ Same retention time as ether. ’

isoamyl alcohol were present. Columns A and X both detected the
same compounds, although ethyl alcohol and ether emerged together
in column X. Using column F, isoamyl alcohol was not detected,
probably because of the extremely long retention time (95 minutes)
of this compound. Micro amounts of compounds retained a long
time generally are released slowly and exhibit only a very small
millivolt response over several minutes.

These data confirm the presence of four of the twenty-seven com-
pounds isolated from. a pre-ferment by Smith and Coffman (13), using
an elaborate distillation and concentration procedure. Unddubtedly,
if a more sensitive detector, such as a hydrogen flame device, were
used many more components would have been detected. Because of
the inadequacy of simple ether extraction of the pre-ferment and the
inability of the thermistors to detect more than a few compounds,
other procedures were employed to study compounds which were
extremely volatile or present in micro amounts.

Flavor Components in Carbon Tetrachloride Extracts of Con-
densed Gases from Pre-ferments. The compounds detected in the
- condensed gases (Table I) were somewhat different from those de-
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tected in the ether extracts. Acetaldehyde was found because this
highly volatile substance was retained at the cold temperature of the
acetone-dry ice trap. Ethyl alcohol, ethyl acetate, and isoamyl alcohol
were detectable but isobutyl alcohol was not. Acetaldehyde and isoamyl
alcohol also were detected using column F (described in Table II), but
ethyl alcohol and ethyl acetate emerged with carbon tetrachloride
in this column. All these compounds were also detected by Smith and
Coffman (13).

Carbonyl Compounds in Gases Evolved from Pre-ferments. The
mixed 2,4-DNPH’s obtained from the gases of the pre-ferment were
analyzed by two methods. The simplest technique used was that of
"Ralls (10) employing the gas chromatograph to detect carbonyl com-
pounds released from their 2,4-DNPH’s by heating in the presence of
alpha-ketoglutaric acid. The eight compounds (Table II) detected by

TABLE 11

CARBONYL COMPOUNDS PRESENT IN GASES EVOLVED FROM PRE-FERMENTS, MADE INTO
2,4-DNPH DERIVATIVES, AND DETECTED BY GAS CHROMATOGRAPHY *

RerENTION TIME

iDENTxr!ED Column AP Column X¢ . Column Fd
COMPOUNDS IN -
PRE-FERMENTS . Compound Authentic Compound Authentic ~ Compound ~Authentic
in Compound in Compound  in Compound -
Gases Gases Gases
minutes minutes minutes  minutes minutes minutes

Formaldehyde o L7 1.6 - 82 32" 1.0 111
Acetaldehyde . R O B B T 44 44 .. 3.0 3.1
Acetone 35 3.6 7.7 77 69 6.8
Isobutyraldehyde 47 4.8 10.3- 10.2 8.3 85
n-Butyraldehyde. .: 5.7 . 5.9 134 . 134 . 120 12.1
Methylethylketone . 65 . 65 14.1 14.1 13.5 13.7 . =
Isovaleraldehyde 95 - 94 19.9 - 199 18.6 18.5
n-Valeraldehyde ' - 11.6 1149 26.8 26.6 269 - 26.5

a See reference 10.
b Celite 545 (60—80 mesh) coated with 209 by welght of diisodecyl phthalate, column at 98°C.; helium

flow 32 ml. per minute.’
¢ Celite 545 (80-100 mesh) coated with 30% by welght of di(2- ethy] hexyl)phthalate, column at 98°C.;

helium fow 11.3 ml. ;per minute.
4 Firebrick (30-60 mesh) coated with 25% by weight of tetraethyleneglycol dimethyl ether; column ‘at

'74°C.; helium flow 80 ml. ‘per minute.-
this technique contrast. with only three volatile carbonyl compounds
(acetaldehyde, acetone, and diacetyl) found in pre-ferments by Smith
and Coffman (13).. Acetoin, found by Smith and Coffman (13) in
ether exttacts of pre-ferments, was not found using the present tech-
nique because of its limited volatility (b.p. 188°C.).

: The ‘analysis.of .the 2,4DNPH mixture by Ralls’ techmque (10)
revealed: that: the amount of acetaldehyde 2,4DNPH in the mixture

was many times the.concentration of the next most abundant com-
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ponent. The small'quantities of most of the 2,4-DNPH’s made it
impossible to identify the free carbonyls emerging from the column -
using infrared spectroscopy.

Techniques other than gas chromatography were necessary to
separate sufficient quantities of most of the carbonyl compounds so
that they might be identified by the use of ultraviolet and infrared
spectroscopy. The technique which proved most useful for analyzing
the mixed 2,4-DNPH’s was a combination of their partial separation
on a Celite column by the technique of Day, Bassette, and Keeney (3),
followed by further purification by paper chromatography using
N,N-dimethylformamide-decalin solvent. . The ultraviolet spectra of
the separated components were initially obtained directly on the air-
dried paper chromatographs by the method of Nonaka, Pippen, and
Bailey (8) and as used by Ng, Reed, and Pence (7). Results obtained
by this method were highly erratic. Data obtained with the solvent
extracts of the 2,4-DNPH spots were much more reliable. The purified
carbonyl compounds were also identified by infrared spectra.

TABLE III

Rg AND Ry VALUES AND ULTRAVIOLET ABSORPTION MAXIMA FOR 24- DINITROPHEN YL-
HYDRAZONES OF CARBONYLS ISOLATED FROM PRE-FERMENTS AND ‘FOR COMPARABLE
AUTHENTIC CARBONYL DERIVATIVES

Ry or RF VALUES OF ’ . ABSORPTION MAXIMUM OF
CaRBONYL COMPOUND 2,4-DNPH? 2,4-DNPH
Isolated Authentic Isolated . Authentic
‘mu mp

2-Phenoxyethanol:heptane solvent

Formaldehyde 0.17 0.16 363 364
Acetaldehyde 032" 0.32 369 368
Acetone 0.32 0.31 375 - - 874
Methylethylketone ) 049 0.49 i 374 374
2-Methyl-1-butanal 0.60 . - 0.60 - 356-7 © 356-7
n-Butyraldehyde 0.37 0.37 368 368
iso-Butyraldehyde 0.39 © 039 367 368
iso-Valeraldehyde 0.45 0.45 368 369
' ' N,N-dimethylformamide:decalin solvent '
Formaldehydé =~ ° 0.12 0.12 362 362
Acetaldehyde- -0.15 0.15 362 364
Acetone 025 026 . 368 368
Methylethylketone 0.38 - 038 377 376
2-Methyl-1-butanal 0.68 0.69 -368 368
n-Butyraldehyde 038 . . .039 370 370
iso-Butyraldehyde . 0.36 ©. 036 368 . . 368
1so-Va1eraIdehyde 0.39 0.37 364 g "364

'RH values (dlstance of travel compared.with that for 3-heptanone) are reported for the first solvent.
Ry values are reported for the second solvent.
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Table III lists the Ry and Ry values in two different solvents and
the maximum ultraviolet absorbances for the 2,4-DNPH’s of carbonyl
compounds isolated from the volatile gases of the pre-ferment. Similar .
data for corresponding known 2,4-DNPH’s are also recorded. All the
2,4DNPH’s except formaldehyde and methylethylketone were iso-
lated from the mixture separated by the first filtration of the 2,4-dini-
trophenylhydrazine reagent. Formaldehyde and methylethylketone
2,4 DNPH’s were isolated from the reagent by extraction with ethyl
acetate, From all the mixed 2,4-DNPH crystals, at least seven carbonyl
compounds were isolated but unidentified, in addition to the nine
positively identified. Some of the unidentified compounds appeared
to be unstable. The melting points of isolated acetaldehyde and
methylethylketone 2,4-DNPH’s were 162° and 119°C., respectively.
These agree well with the values of 160° and 120°C. for similar

~ derivatives of authentic acetaldehyde and methylethylketone. Other

2,4-DNPH’s of carbonyl compounds found in the pre-ferment were
not crystallized in sufficient quantltles to permit the determination
of melting points. /

The 2,4-DNPH’s isolated by column and paper chromatography
agreed with those identified by gas chromatography (Table II), except -
for 2-methyl-1-butanal and n-valeraldehyde. The 2-methyl-1-butanal
was not identified in the 2,4DNPH mixture by gas chromatography.

N~ leraldehyde could not be distinguished from isovaleraldehyde by

paper chromatography, ‘even though two different solvents were
employed. The maximum ultraviolet absorbances of the isolated
2,4DNPH’s agreed well with those for authentic samples. However,
this technique failed to distinguish among the aldehydes and between
the ketones.

The identification of all but two of the compounds in Table III
was confirmed by infrared spectra. Insufficient 2,4-DNPH’s of formal-
dehyde and 2-methyl-l1-butanal were obtained for identification by
this technique. The identity of formaldehyde 2,4-DNPH, however, was
confirmed using chromotropic acid (2). ‘

Wiseblatt and Kohn (15) isolated acetaldehyde, acetone, 2-ethyl
hexanal, 2-hexanone, 3-heptanone, crotonaldehyde, diacetyl, methyl
glyoxal, and furfuraldehyde from fresh bread. The only carbonyls of
this group found in pre-ferments during the present investigation
were acetaldehyde and acetone. Diacetyl and pyruvaldehyde (methyl
glyoxal) are probably present among the unidentified carbonyls pro-
duced during fermentation. The other carbonyls found by Wiseblatt
and Kohn (15) may result from the browning reactions during baking
and processing.
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Ng, Reed, and Pence (7) found formaldehyde, acetaldehyde, ace-
tone, methylethylketone, ethyl pyruvate, 2-methyl-1-butanal, hexanal,
and furfural in the ethanol extract of bread. They also found iso-
butyraldehyde and n-valeraldehyde in vapors of baking bread, but
not in the ethanol extract of the bread crumb. In this Work,_ most
of these compounds were found in pre-ferments. Exceptions were
furfural, which probably results from the browning reaction during
baking,  hexanal, and ethyl pyruvate which may be among the
unidentified carbonyl compounds.
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