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BOUND ALDEHYDES IN BUTTEROIL

In connection with studies on off-flavor de-:
velopment in dry whole milk, substantial quan-

tities of fatty aldehyde 2,4-dinitrophenylhy-
drazones were obtained by passing the extracted

lipids (2) through an aeid solution of 2,4-dini-
trophenylhydrazine, according to the procedure

of Schwartz et al. (8). Based on previously
reported (6) threshold studies, and the flavors

of the products investigated, it was concluded

and later substantiated that the greater ma-
jority of these aldehydes were bound in but-
teroil.

At the time of this find, bound aldehydes in
butteroil had not been reported, although van
Duin (10) reported the liberation of aldehydes
from the plasmalogen fraction of butter serum.
However, during the later stages of this investi-
gation, Schogt et al. (7) reported the isolation
of a phosphorus-free lipid from butteroil which
contained aldehydes bound to glycerol in an
enol-ether linkage. This finding confirmed our
belief as to the nature of the aldehyde pre-
cursor, based on the observation of Day and

Lillard (1) that phosphorus was not detectable

in butteroil. Schogt et al. (7) reported 40 mg.
of bound aldehyde per kilogram of fat ex-

pressed as myristaldehyle, which compares fa-

vorably with our finding of 0.2 uM bound alde-
hyde per gram of butteroil.

Our preliminary results on the bound, satu-
rated aldehydes as their 2,4-dinitrophenylhy-
drazones suggested a complex mixture which
was not resolved by the available column chro-
matographic techniques. Therefore, gas chro-
matographic techniques were introduced.

The butteroil used in these studies was ob-
tained by melting sweet cream butter at 100° T
and centrifuging in an International centri-
fuge. The butter was prepared by churning
cream obtained from fresh milk. No more than
two days time elapsed between milking and
conversion to butteroil. The oil was analyzed
immediately after preparation. Analysis of
oil stored at 0° F. for 2 mo. yielded the same
results as the fresh oil. ,

The method for isolating the aldehydes lib-
erated from the nonphospholipid material was
as follows: 800 ml. of a 259, solution of butter-
oil in ecarbonyl-free hexane' was dried with
sodium sulphate, filtered, and passed through

! Hexane (Phillips, High Purity Grade) scrubbed
through a 5-ft. column of concentrated H2SO.,
followed by redistillation from KOH pellets (3).
Analysis of the purified hexane indicated that it
contained 0.65 uM of carbonyl per liter.

2The use of trade names is for the purpose of
identification only, and does not imply endorse-
ment of the product or its manufacturer by the
U. S. Department of Agriculture.

a chromatographic tube containing three layers
of analytical grade Celite® (Johns-Manville
Company) separated by glass wool. Layers One
and Three contained 20 g. of Celite impregnated
with 12 ml. of a saturated solution of sodium
bisulphite, whereas Layer Two consisted of
20 g. of celite containing 20 ml. of a 509 solu-
tion of phosphorie acid. The column was packed
s0 that a flow rate of less than 1 ml. per minute
was attained. Following passage of the butter-
oil-hexane solution; the packings were washed
free of fat with purified hexane. The lower
bisulphite packing was removed from the col-
umn and the aldehydes freed by decomposing
the bisulphite with 209 sodium carbonate. The
aldehydes were extracted from the packing and
solution with purified hexane. Control samples
were attained by omitting the phosphorie acid
in Packing No. 2. All investigations showed
that undetectable quantities of aldehydes were
extracted from the control samples by the lower
bisulphite packing. The 2,4-dinitrophenylhy-
drazones were prepared on a Schwartz et al.
(8) reaction eolumn and the aldehyde 2,4-dini-
trophenylhydrazones purified on adsorptive
magnesia, according to the method of Schwartz
et al. (9). The free aldehydes were obtained
by regeneration with levulinic acid by the
method of Keeney (4).

Gas chromatographic analyses were per-
formed on a Barber-Colman Model 20 and also
on a Research Specialties instrument. The
Model 20 employed a 100-ft. capillary column
coated with Apiezon L, a Tritium ionization
chamber detector, and argon as the carrier gas.
The Research Specialties was equipped with
a 6-ft. stainless steel ecolumn containing a pack-
ing of 60-80 mesh, acid-washed Celite coated
with Apiezon L. Strontium® was employed as
the source for the ionization chamber detector
and argon served as the carrier gas. The nature
of the complex mixture necessitated varied col-
umn temperatures and pressures, in order to
resolve and detect the individual aldehydes.

The straight-chain bound aldehydes of butter-
oil were identified by retention time, using au-
thentic aldehydes as standards. The branched-
chain saturated aldehydes were tentatively
identified by -plotting chain length vs. retention
time on semilog paper.

A chromatographic analysis of the saturated
aldehydes on the packed column revealed the
presence of straight-chain aldehydes varying
from nine to 18 earbons in chain length. In
addition to the homologous series of straight-
chain aldehydes; branched-chain aldehydes con-
taining 11 to 18 carbons, with the exception
of a C, aldehyde, constitute a major portion
of the bound carbonyls. A semilog plot of
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Fr1a. 1. Semilog plot of retention time vs. carbon
chain of bound saturated aldehydes from butteroil.

carbon chain vs. retention time (Figure 1)
‘revealed that two types of branching were
present in the complex mixture. This was
further substantiated on the eapillary column
which separated the branched aldehydes con-
taining 13, 15, and 16 carbons into two dis-
tinet peaks. Although not reporting the alde-
"hydes bound in butteroil, Schogt et al. (7)
proposed that the presence of aldehydes of
less than 12 carbons in chain length is a result
of autoxidation of the butteroil. The method
reported herein compensates for any autoxida-
tion and the results indicate that small amounts
of G, to Cu, and possibly lower molecular
weight normal and branched aldehydes, are
bound in butteroil. A complete summary of
the bound aldehydes detected in butteroil is
presented in Table 1.

Direct reaction of butteroil with 2,4-dinitro-
phenylhydrazine also revealed the presence of
small amounts of unsaturated aldehydes. The
presence of three enals (approximate chain
lengths of 12, 18, and 20 carbons) and three
dienals (Ci2) was established by paper chro-
matography, according to the method of Klein
and de Jong (5), by ultraviolet studies in 959%
ethanol, and by magnesia class separation (9).
Smaller amounts of other enals ranging from
13-16 carbons in chain length also were ob-
served.

As a comparative study, the aldehyde 2,4-
dinitrophenylhydrazones from the plasmalogens
were obtained according to the procedure of
van Duin (10), separated into classes on mag-
nesia, and the saturated aldehydes regenerated
and gas-chromatographed. Table 1, summariz-

ing the saturated aldehydes from the plasmalo-
gen fraction of butter serum, shows that the
saturated aldehydes bound in this lipid fraetion
are similar to those in butteroil. However, the
gas chromatograms in Figure 2 illustrate that
the relative amounts of the higher molecular
weight aldehydes (Cis.s) differ considerably
within these fractions. Whereas the greater
majority of bound, saturated aldehydes in but-
teroil range in chain length from 14 to 16 car-
bons, the Cius aldehydes dominate the bound,

" saturated aldehydes of the plasmalogens. Fur-

thermore, the plasmalogens also contain a va-
riety of unsaturated aldehydes, although still in
relatively minor amounts. Evidence based on
paper chromatography, behavior on magnesia,
and ultraviolet studies indicate that enals of
16 to 18 carbons and eight to 12 carbons in
chain length are dominant, with barely detec-
table amounts of C; s unsaturated aldehydes.
Although all necessary precautions were ob-
served to prevent autoxidation, the presence of
the lower molecular weight unsaturated alde-
hydes as a result of chemical deterioration can
not be disregarded.

TABLE 1

Summary ‘of data on the bound, saturated
aldehydes in butteroil and the plasmalogen
fractions of milk

Butteroil Plasmalogens
No. of . Branched . Branched
carbon n-Ali- ——  n-Ali- —
atoms phatie 1 2 phatie 1 2
18 + - + + - +
17 + + — + + -
16 + + + + + +
15 + + + + + -
14 + — + + - +
13 + + + + - -
12 + - = - - -
11 + + - — - —
10 + - — — — -
9 + - - - - —

The significance of bound aldehydes in the
off-flavor development of various dairy prod-
ucts is under investigation at the present time.
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Fie. 2. Separation of bound saturated aldehydes from butteroil (top) and plasmalogens
(bottom) on a 6-ft. stainless steel column containing 109 Apiezon L. on 60-80 mesh Celite,
temperature 175°, argon pressure—30 p.sd., voltage—1,000. Cx=No. of carbon atoms; N =

Normal; B = Branch.
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