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Abstract

6-trans-Nonenal has been identified as
- the compound responsible for the off-flavor
which frequently appears in fresh, foam-
spray-dried milks manufactured during the
warm summer months in urban areas. The
flavor threshold of this compound was
found to be less than 0.07 part per billion
in fresh, whole milk. Evidence suggests
that 6-trans-nonenal originates by trace
ozonolysis of minor lipid components on
the surface of the dried product.

It has been observed for several years that
foam-spray-dried milk, manufactured during
the warm weather months in Washington, D.C.,
frequently had a flavor atypical of freshly
prepared dry milks. Recent evidence (10) indi-
cates that the off flavor arises as the result of
chemical reactions involving ozone in the dryer
air and can be controlled by filtering the dryer
air through charcoal (9). This report sum-
marizes our efforts in establishing ' "6-trans-
nonenal as the major contributor to this unique
off flavor.

Experimental Procedure 1

Foam-spray-dried whole milk was prepared
according to the procedure reported by Bell
et al. (1) and Hanrahan et al. (6) To ensure
sufficient development of the off flavor for iden-
tification purposes, generated ozone (T.8. Ozone
Co. of America, Scottsdale, Pennsylvania) was
forced into the air intake of the dryer at a
point beyond a charecoal filter at levels approxi-
mating 50 to 70 ppb of the air flow., Ozone con-
centrations of the dryer air were determined
with a Mast Ozone Meter as previously de-
seribed (10). The dried produet, having the
typical ozone induced off flavor, was cooled
‘immediately with vaporizing liquid nitrogen
and stored at —18 C in plastic bags until
extracted. .

Nitrogen extraction of milk powder. The
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off flavor was extracted from 4.5 kg of dry
whole milk in an 18.9-liter polyethylene earboy
by { passing ultra-high purity nitrogen gas
through the rubber-stoppered neck of the in-
verted carboy and out the spigot at a rate of
approximately 0.28 m3 per hour. The volatiles
from the milk powder were condensed in an
80 by 1.25 em (id) U-shaped glass tubing, con-
taining glass helices, attached to the spigot of
the earboy and cooled in a dry ice—ethanol bath.
Approximately 7 m3 of nitrogen passed through
the powder before water (about 5 ml) caused
freeze-up of the U-tube. Two such nitrogen
extractions of each carboy of powder were
performed. Nine kilograms (two carboys) of
powder were extracted for the results reported
in these studies. The contents of the U-tube
from each nitrogen extraction were recovered
by addition of 75 ml of carbonyl-free hexane
“(13) to the U-tube. Following drying with
sodium sulfate, the combined hexane solutions
of volatiles were passed through a 4-g column
of Analytical Grade Celite to which 2.4 ml of
a saturated aqueous solution of sodium metabi-
sulfite had been ground on to before packing
the column. The off flavor was recovered by
extruding the packing and decomposing the
bisulfite with 100 ml of 109 Na,CO3, followed
by extraction with two 50-ml portions of car-
bonyl-free hexane or ethyl ether.

Gas-liguid  chromatography (GLC). Gas
chromatographic studies were conducted with
both a Barber-Colman Model 5000 Gas Chro-
matograph and the LKB Model 9000 Combina-
tion QGas Chromatograph-Mass Spectrometer
employing 1.83-m by 0.64-em and 3.04-m by
0.64-cm columns, respectively, and helium as the
carrier gas. Column packings included 7.5%
ethylene glycol adipate with 29, phosphoric acid
on Anakrom ABS (Analabs, Incorporated,
Hamden, Conn.) and 109 Apiezon L on Ana-
krom ABS. The Barber-Colman instrument was
equipped with a flame ionization detector with
one-third of the helium stream split to the exit
port. The LKB 9000 employs as the GLC de-
tection system a total ion current recording of
the jonized components (electron energy of 20
ev) eluting from the gas chromatograph.

Mass spectrometry (MS). The LKB 9000
GLC-MS was used with the 3.04-m by 0.64-cm



Apiezon L column at 100 C and a helium flow
rate of 20 ml per minute. The temperatures
of the flash heater and molecular separator
were maintained at 200 C.  The mass spectra
were obtained at a constant accelerating voltage
of 3,500 v, with an electron energy of 70 ev
and a seanning time of 2 see over a M/e range
of 15 to 150.

2,4-Dinitrophenylhydrazone chromatography.
The 2,4-DNPhydrazone (DNP hereafter refers
to dinitrophenyl) of the off flavor was prepared
by passing the hexane extract of the decom-
posed bisulfite column through a 2,4-DNPhy-
drazine reaction column (13). The 2,4-DNP-
hydrazones were separated initially by column
partition chromatography using a 25-g aceto-
pitrile-hexane partition system according to
the method of Corbin et al. (2). Thin-layer
chromatography (TLC) of the 2,4-DNPhydra-
zone fraction from the partition eolumn eon-
taining the off flavor was performed by a
slight modification of the Meijboom and Jur-
riens method (11). Silica Gel G containing
8% AgNO; was used as the adsorbent and
109 hexane in benzene as the developing
solvent.

Regeneration of the 2,4-DNPhydrazones. The
2,4-DNPhydrazones of the off-flavor and ref-
erence compounds were regenerated for GLC
and MS studies employing the system of “Wong
and Schwartz (14). The 2,4-DNPhydrazones
were adsorbed from hexane solutions on silica
gel-packed capillaries, 25 uliters of 8% aq
phosphoric acid was added, and the samples
regenerated at 200 C in the area of the flash
heater of the gas chromatograph. Odor evalua-
tions of the regenerated compounds were made
on the Barber-Colman instrument at the pre-
determined retention times by smelling the exit
port of the stream splitter.

Flavor studies. A 0.155-ymole sample of 6-
trans-nonenal 2,4-DNPhydrazone (determined
by spectrophotometrie methods) was regenerated
in the inlet system of the gas chromatograph
according to the procedure outlined above. The
parent compound was trapped by bubbling the
offtuent of the stream splitter through 10 ml
of fresh whole milk in a 25-ml glass test tube.
The test tube was rinsed four times with 10-ml
portions of fresh whole milk and a stock solu-
tion containing, theoretically, 7.23 pg of 6-trans-
nonenal in 100 ml of fresh whole milk pre-
pared. Various dilutions of the stoek solution
were presented to a six-member taste panel and
the flavor threshold determined by the method
of Patton and Josephson (12). In addition
to threshold studies, samples of fresh whole

milk econtaining, theoretically, 0.7 ppb of 6-
trans-nonenal were presented to a 12-member

taste panel for flavor characterizations.

Results and Discussion

Initial studies on the ozone-induced off flavor
suggested that the off flavor was unique in that,
unlike most off flavors of dry milk, it could
be extracted without previously hydrating the
powder. This was in keeping with other ob-
servations (9, 10) which indicated that the
reactions involved in the development of the
off flavor take place on the surface of the
dried product; hence, the off flavor com-
pound(s) is readily available to extraction pro-
cedures. The exceptionally small quantity of

‘the significant compound in _the off-flavored

dry milk made steam distillation and solvent
extraction procedures impraetical and necessi-
tated the nitrogen extraction procedure em-
ployed, despite its obvious limitations.

The visual detection of the off-flavored com-
pound in preliminary studies employing GLC
and MS was obscured by substantial quanti-
ties of aromatic and aliphatie hydrocarbons in
the extract. Further studies revealed that the
off flavor reacted with 2,4-DNPhydrazine and
formed a bisulfite addition produet, suggesting
the presence of an aldehydic carbonyl group.
Therefore, the parent off-flavor compound could
be extracted free of the hydrocarbon con-
taminants, by formation and decomposition of
the bisulfite addition produects followed by sol-
vent extraction.

Tapte 1. Relative retention times of ozone-
induced off flavor and some isomeric nonenals.

R;/Rs
Compound Column 1P Column 2¢
Nonanal 1.00 1.00
2-Nonenal 1.54 214
3-Nonenal 0.87 1.30
4-trans-Nonenal 0.88 1.18
5-trams-Nonenal 0.88 1.10
6-trans-Nonenal 0.89 1.24
6-cis-Nonenal 0.91 134
8-Nonenal - 141
Off flavor 0.89 1.31

a R,/R,, Relative retention time based on no-
nanal is 1.00.

b Packed column, 3.04-m by 0.64-cm od,
109, Apiezon L on Anakrom ABS, column
temperature, 100 C; LKB Model 9000.

¢ Packed column, 1.83-m by 0.64-cm od, 7.5%
EGA with 29 HgPO, column temperature,
85 C; Barber-Colman Model 5000.



The regenerated bisulfite addition produets
were subjected to GLC and MS. Results of
these studies revealed relatively large quan-
tities of the Cj through C,, straight chain
saturated aldehydes in addition to a small
peak with an odor highly characteristic of the
off flavor. Mass spectral studies on this peak
revealed the presence of a molecular ion at
M/e 140 and significant fragment ions at M-18,
M-28, and M-44 (Table 2) suggesting the pres-
ence of one or more nine-carbon monounsat-
urated aliphatic aldehydes (10). Of the non-
enals available, it was possible to eliminate 2-,
3-, and 8-nonenal by a combination of GLC
retention studies (Table 1), mass spectra, and
especially the odor characteristics of the com-
pounds. The GLC retention data and odor
characteristics of the remaining available ref-
erence nonenals (4 -trams-, 5-trams-, 6-trams-,
and 6-cis-nonenals) were sufficiently like the
unknown peak that it was not possible to
differentiate these compounds on the basis of
these criteria. Slight mass spectral differences
between the remaining reference nonenals exist
(relative intensity of low M/e fragment ions)
(Table 2) to the extent that this eriterion
could distinguish between the 4-, 5-, and 6-
nonenals. However, the mass speetrum of the
unknown peak strongly suggested a mixture
was present and, indeed, future results proved
this to be the case. On the basis that a mixture
existed, separation and identification techniques

TaBLE 2. Comparison of the most intense and

some isomerie nonenals and the significant off-fl

bisulfite addition produets.

were initiated on the 2,4-DNPhydrazine deriva-
tives of the regenerated bisulfite addition prod-
uets.

Initial separation of the significant 2,4-DNP-
hydrazones from the relatively large quantities
of the saturated aldehyde 2,4-DNPhydrazones
present was accomplished by column partition
chromatography employing the method of Cor-
bin et al. (2). By regenerating a portion of
each band eluted from the column, the sig-
nifieant off-flavor, 2,4-DN Phydrazone was found
to elute with the heptanal 2,4-DNPhydrazone.
Keppler et al. (7) have reported that the 4-,
5-, and 6-nonenal 2,4-DNPhydrazones all be-
have like the heptanal 2,4-DNPhydrazone in
a similar partition chromatographic system.
Separation of the significant derivatives from
the greater quantity of the heptanal 2,4-DNP-
hydrazone was accomplished by TLC on a series
of AgNOjg-silica gel G plates. The areas corre-
sponding to the 4-, 5-, and 6-nonenal DNPhy-
drazones were seraped from the plates, eluted
with benzene, and rechromatographed on a
AgNO,-silica Gel G plate. Two spots were
observed, one corresponding to the 5-trams-
nonenal and the other to the 6-¢trams-nonenal.
The spots were seraped from the plates, eluted
with benzene, and a portion of each regener-
ated. The typical odor of the reference com-
pounds was observed. A mass spectrum, fol-
lowing on-column regeneration of the remain-
ing portion of the isolated 6-trans-nonenal 2,4-

significant mass :charge (M:e) fragment ions of
avor gas-liquid chromatographic peak from the

6-trans- 6-cis- 5-trans- 4-trans- Oft-flavor peak

M/e % M/e % M/e 9 M/e % M/e 9
41 100.0 41 100.0 54 100.0 41 100.0 41 100.0

55 61.2 55 64.6 41 717 55 78.2 55 94.0

A 67 46.5 67 46.6 67 64.0 84 76.2 54 72.6
81 43.8 54 453 81 61.7 54 51.5 84 572

54 434 81 347 55 58.8 67 414 67 52.9

B &4 12.3 84 10.9 84 7.5 81 29.0 81 51.3
96 19.9 96 17.3 96 52.6 96 31.0 96 43.3
112 4.3 112 41 112 1.2 112 2.0 112 0.3

C 122 17.7 122 224 122 8.9 122 7.6 122 122
140 42 140 4.6 140 0.7 140 0.7 140 34

A—Most intense fragment ions.
B—Included for comparative purposes.
C—M/e 140—molecular ion

M/e 122—M-18

M/e 112—M-28

M/e 96—M-44



DNPhydrazone, further established the identity
of this compound, despite low peak intensity
as a result of sample size. Sufficient sample
of the isolated 2,4-DNPhydrazone correspond-
ing to B-trams-nonenal was not available for
further mass spectral data, but it is tentatively
identified on the basis of the TLC behavior
of the 24-DNP hydrazone and the characteris-
tic odor of the regenerated compound.

The flavor potency of 6-trans-nonenal (0.3
ppb in paraffin oil) is 100-200 times greater
than 5-trams-nonenal, despite identical flavor
characteristics (7, 8). Hence, only 6-trans-
nonenal. #ppears to be of significance in this
off flayor, although the concentrations of these
two, .compounds in the off-flavored milk are
about equal. The possibility of an additive
effect (3) cannot, however, be entirely over-
looked. Assuming 100% regeneration and re-
covery of the parent compound from its 2,4-
DNPhydrazone, as described in the experi-
mental procedure, the flavor threshold of 6-
trams-nonenal in fresh whole milk was found
to be 0.07 ppb. The true threshold, however,
is less than this value, since the regeneration
and recovery procedure is at best semiquantita-
tive. A taste panel of 12 members agreed unani-
mously that fresh whole milk with 0.7 ppb
added 6-trams-nonenal was highly characteris-
tic of the off flavor which frequently appears
in freshly prepared foam-spray-dried whole
milk during the warm summer months.

Reaction mechanisms and precursors involved
in the formation of 6-trams-nonenal remain to
be determined. It is of interest to note that
Keppler et al. (7, 8) have demonstrated the
formation of 6-nonenal in the early stages of
autoxidation from 9,15- and 8-15-octadecadi-
enoic acids, the cis-cis forms of which have
been reported to occur in milk fat (4). The-
oretically, 6-nonenal is also a product of the
ozonolysis of 9,15-octadecadienoic acid, and
previous studies (9, 10) suggest that ozone is
required in the formation of this compound
in foam-spray-dried whole milk. In either case,
the formation of 6-trans-nonenal would require
the presence of 8-trams, 15-trans; 9-trams, 15-
trans-; 8 cis,15-trans-; or 9-¢is,15-trans-octa-
decadienoic acid, acids which to the best of our
knowledge have not been identified in milk fat.
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