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SUMMARY

Phospholipid-free milk fat, beef tallow, and ox heart fat contain approximately 50 (calcu-
lated as tetradecanal), 65, and 1000 mg per kg (calculated as hexadecanal), respectively, of
aldehydes. The aldehydes are bound as enol-ethers, and are located mostly in the a-position of
the glycerol molecule. A sample of milk fat was found to contain 45 mg per kg glycerol ether

(calculated as chimyl alcohol).

In recent years the chemical structure of the
plasmalogens has been the subject of a number of
investigations. Klenk and Debuch (1) proposed, as
one of several alternatives, the structure in which an
aldehyde is linked by an enol-ether bond to the
glycerol moiety. Evidence for this structure is rapidly
accumulating (2 to 5), but the position of the aldehyde
on the a- or B-carbon of glycerol is still a matter of
controversy (6, 7, 8). Karnovsky and co-workers (9)
reported the occurrence of acetone-soluble, aldehyde-
containing lipids in the starfish (Asterias Forbest).
This led them to consider the possible existence of non-
phosphorus-containing lipids that split off aldehydes
in acid.

This paper presents experimental evidence for the
occurrence of ‘“nonphosphatide aldehyde-containing
lipids” in ox heart, beef tallow, and bovine milk fat.
Our starting point was the same as Karnovsky'’s,
namely, the observation that lipid material not con-
taining phosphorus could split off aldehydes. As a
working hypothesis, we drew up a formula analogous
to plasmalogen:

a CH,—O—-CH=CH—R,

|
8 CH—0O—CO—R;

|
ot CH—0—CO—R3
This material, when saponified, should give two fatty

acids and an a-glycerol enol-ether. Experimental evi-
dence supporting this structure is presented. In the

sapon-

ification

course of the investigation, saturated a-glycerol ethers
of the batyl alcohol type were detected in cream.

METHODS AND RESULTS

Starting Materials. Milk fat was obtained by churn-
ing 35% fresh cream in a Hobart-mixer at 15°, after
which the butter obtained was melted at 50°. The
clear fat layer was dried with anhydrous MgSO, and
filtered. The resulting fat did not contain detectable
amounts of phosphorus.

The absence of phosphorus was checked by the
method of Zilversmit and Davis (10). Two g of lipid
were incinerated in the presence of magnesium car-
bonate, and the ash gave a negative phosphorus reac-
tion. By the above-mentioned method, 2 pg of phos-
phorus is easily detected, which implies that the lipids
contain less than 0.0001% phosphorus.

Beef tallow was rendered from the minced tissue
by careful melting at 120° under nitrogen. The dried
and filtered tallow was subjected to countercurrent

a CHz—O—-CH:CH—Rl

|
g CHOH

|
«! CH,OH
fractionation with isooctane-methanol 1/1(v/v). The

triglyceride fraction contained no phospholipids.
Phosphorus-free ox heart lipids were obtained in
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the following way. One kg ox heart was extracted by
the method of Folch et al. (11); 32 g lipids were ob-
tained and dialyzed through a rubber membrane by
the method of Van Beers et al. (12). The phospholipids
remained in the residue, while triglycerides, choles-
terol, and cholesterol esters quickly passed into the
dialyzate. Traces of phosphorus-eontaining com-
pounds, which might have leaked through the mem-
brane, were eliminated by passing the residue of the
dialyzate, dissolved in ethyl ether, through a 20 X
450 mm silica gel column (13) with silica gel prepared
according to Gordon et al. (14). The nonphosphatide
lipids were eluted with 500 ml ethyl ether. In this way
an 8 g lipid preparation, free from phosphorus, was
obtained from 1 kg ox heart.

Determination of Bound Aldehydes with Three
Methods. To eliminate free aldehyde, the lipids were
heated at 140° for 6 hours and a pressure of 1073
micron by the method of De Bruyn (15). Subse-
quently, the bound aldehydes were determined by
conversion with methanol-hydrochloric acid to methyl
esters, glycerol, and dimethyl acetals (16). After
saponification and extraction, the dimethyl acetals in
the unsaponifiable fraction were decomposed with 15
ml acetic acid for 16 hours at 50°. The free aldehydes
were converted into their dinitrophenylhydrazones on
the reaction column of Haverkamp Begemann and
de Jong (17) and subsequently analyzed on the nitro-
methane Si0, partition column described by Kramer
and van Duin (18). The dinitrophenylhydrazones of
aldehydes with less than 12 carbon atoms, originating
from contaminants in the solvents or from oxidative
decomposition products, were discarded; those of alde-
hydes with more than 11 carbon atoms were deter-
mined spectrophotometrically in chloroform (max. 358
mpu, and ¢ — 22500 were used for the calculation).
Milk fat contained 50 aldehydes per kg (calculated as
tetradecanal} ;! beef tallow, 65 mg per kg, and ox
heart phosphorus-free lipids, 1000 mg per kg (calcu-
lated as hexadecanal).

In the second procedure, milk fat, from which free
aldehydes had been removed by high vacuum heating,
was stirred with 2 parts glacial acetic acid and 2 parts
2 N hydrochloric acid for 2 hours at 50°. The fat was
washed acid-free with water, dried over MgSO,, and
again subjected to high vacuum heating. The higher
aldehydes in the distillate, determined as before,
amounted to 45 mg per kg.

By the third method, 390 g milk fat, containing 42

* The composition of the aldehyde mixture will be published
separately.
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mg per kg bound aldehydes according to the previous
method, was saponified with 135 g KOH in 1.35 liters
ethanol by refluxing for 1 hour. After diluting with
6.5 liters water, the unsaponifiable fraction was suc-
cessively extracted with 2, 1, and 1 liter portions of
ether. The unsaponifiable fraction containing 82 mg
aldehyde, ie., 509% of that originally present, was
then subjected to a 100-tube countercurrent fractiona-
tion with isooctane-methanol 1/1(v/v). The fraction
corresponding to monopalmitin in a model experiment
(partition coefficient 0.1) was isolated. Free aldehydes,
if any, were converted to acids by oxidation with silver
oxide in 90% dioxane, according to the method of
Mitchell and Smith (19), and the acids extracted with
alkali. The unconverted neutral portion was taken up
in optically pure petroleum ether (b.p. 40°-60°), after
which an aliquot was transferred to an 11 X 270 mm
column of Celite® (Johns-Manville 545) loaded with
50% 2 N hydrochloric acid. Subsequently, 15 ml
optically pure petroleum ether (20) was passed
through, followed by 40 ml water. The aldehydes of
the total unsaponifiable fraction in the petroleum ether
eluate, determined as their dinitrophenylhydrazones,
amounted to 7.2 mg. In the aqueous eluate, 3.7 mg
glycerol was found by periodic acid oxidation, accord-
ing to Hanahan and Olley (21). If 1 mole aldehyde
were bound to 1 mole glycerol, 3.1 mg could be ex-
pected. That only glycerol was determined was con-
firmed by the paper chromatographic method of
Hough (22).

Thirty-four g phosphorus-free lipids from ox heart,
containing about 1000 mg aldehyde per kg, as deter-
mined by Leupold’s method, was saponified with 12 g
KOH and 120 ml ethanol. After diluting with 570 ml
water, the unsaponifiable fraction was isolated by
extracting the soap solution 7 times with ether (once
with 560 ml; 6 times with 300 ml). The unsaponifiable
fraction, containing 29 mg aldehyde (calculated as
hexadecanal), was not subjected to countercurrent
distribution but was immediately treated with silver
oxide in order to remove free aldehydes. The uncon-
verted fraction was isolated and subsequently taken
up in optically pure petroleum ether. Of this solution,
a 0.4 portion was transferred to a Celite®-hydrochloric
acid reaction column (see above). In an aliquot of the
petroleum ether eluate, the aldehydes were converted
into their dinitrophenylhydrazones on a Celite®-dini-
trophenylhydrazine column. Because the unsaponifi-
able fraction had not been fractionated by counter-
current distribution, the dinitrophenylhydrazone mix-
ture still contained relatively large amounts of sterols
which were removed by passing through a 15 X 170
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mm aluminum oxide column.? The hydrazones were
eluted with 150 ml petroleum- ether-ether 90/10(v/v).
Only then were the dinitrophenylhydrazones analyzed
on the nitromethane-silica gel column, yielding 9.7 mg
aldehyde, which is 24 mg per total unsaponifiable
fraction. A glycerol determination yielded 8.8 mg per
total unsaponifiable fraction. If 1 mole aldehyde were
bound to 1 mole glycerol, 9.3 mg glycerol could be
expected.

Nature of the Bond Between Aldehyde and Glycerol.
Apparently the unsaponifiable fraction of milk and
ox heart fat contain compounds with 1 mole aldehyde
bound to 1 mole glycerol. In view of the structure of
plasmalogens, it is logical to suppose that the com-
pound is an enol-ether. This can be proved by hydro-
genation yielding glycerol ethers which, on treatment
with aeid, are no longer able to split off aldehyde
(2,4,8).

Half the “monoglyceride peak” from the unsaponifi-
able fraction of 390 g milk fat, and from which the
free aldehydes had been removed by oxidation, was
dissolved in 3 ml methanol, and, after adding 40 mg
of Adams’ PtO, catalyst, hydrogenated at room tem-
perature in 20 minutes. After taking up the product in
optically pure petroleum ether, the solution was
transferred to the Celite®-dinitrophenylhydrazine col-
umn, and 0.122 mg aldehyde was found; that is, 3.4%
of the aldehyde originally present.

Of the unsaponifiable fraction from 34 g ox heart
phosphorus- and aldehyde-free lipids, 4% were hydro-
genated in the same way as above. From the hydrogen-
ated product, 0.030 mg aldehyde (3.2% of the initial
amount) was liberated on the Celite®-dinitrophenyl-
hydrazine column.

Position of the Aldehyde Group in the Aldehyde-
Glycerol Compound. To establish whether the alde-
hyde is at the a- or g-position, the aldehyde-glycerol
compound was hydrogenated, and the glycerol ether
so formed was treated with periodic acid according to
Marinetti et al. (4). However, to draw a conclusion
from such an experiment, it must first be ascertained
whether glycerol ethers are present in milk fat before
hydrogenation. To this end, a portion of the mono-
glyceride peak from the unsaponifiable fraction of
milk fat, containing 4.46 mg bound aldehyde, was dis-
solved in petroleum ether and passed through a Cel-
ite®-hydrochloric acid column. The split-off glycerol
remained in the column while the liberated aldehydes,
together with any glycerol ethers present and other
unidentified substances, were eluted with 40 ml pe-

* Alumina ICI, dried at 160°, to which 8% water had been
added.

troleum ether, followed by 20 ml ethyl ether. The
eluate was washed with water and sodium carbonate
solution, evaporated, and the residue chromatographed
on a 11 X 110 mm SiOs column (14) loaded with 5%
water.

It had previously been established that 200 ml 1%
ethyl ether in petroleum ether elutes aldehydes; 100
ml 25% ethyl ether in petroleum ether elutes choles-
terol; and finally, 50 ml 100% ethyl ether elutes glyc-
erol ethers.

The fraction emerging from the column in the posi-
tion of glycerol ether, and no longer containing glyc-
erol enol-ethers, was dissolved in glacial acetic acid.
One-fourth of this solution was oxidized with periodate
according to the method of Marinetti et al. (4). The
amount of periodate consumed was determined spec-
trophotometrically and found to be 3 pmoles. Pure
glycerol ethers consume 0.93 mole periodate per mole
ether. In a portion of unsaponifiable fraction contain-
ing 4.46 mg bound aldehydes, 13 umoles glycerol ether?
was found.

Another equally large portion of the “monoglyceride
fraction” from the unsaponifiable fraction of milk fat
containing 4.46 mg bound aldehyde (calculated as
tetradecanal) was hydrogenated, after which 3.4%
aldehyde precursors still remained. The reduction
product was passed through a Celite®-hydrochloric
acid reaction column, and the eluate chromatographed
over the 8i0,-5% HoO column in the same way as
the nonhydrogenated portion. One-fourth part of the
glycerol ether fraction was again treated with peri-
odate; 6.5 moles was consumed, corresponding to 28
pmoles glycerol ether. Thus 15 umoles a-glycerol ether
was formed during hydrogenation. The precursor of
4.46 mg aldehyde, which was 96.6% hydrogenated,
should yield 20 umoles. The difference could be due to
B-glycerol ether.

DISCUSSION

In the unsaponifiable fraction of milk fat, only 50%
of the amount of aldehydes determined in the whole
fat by the Leupold method was found. It is possible
that the missing aldehydes are present in the un-
saponifiable fraction as normal acetal. Only 1.2% of
the glycerol acetal of tetradecanal is split on the
Celite®-dinitrophenylhydrazine reaction column. It is
more probable, however, that the aldehyde-glycerol
compounds were not completely recovered from the

*'The composition of the glycerol ether mixture will be pub-
lished separately.
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saponified lipid. According to Karnovsky et al. (23),
glycerol ethers are difficult to extract from the soap
solution even with ethyl ether. In this connection it
should be mentioned that the recovery of the un-
saponifiable fraction from ox heart lipid was more
successful. This fraction was obtained by extracting
the soap solution 7 times with ethyl ether, whereas the
unsaponifiable fraction from milk fat was isolated by
extracting only 3 times with smaller amounts of ethyl
ether.

As has already been stated, the clear milk fat was
heated to remove free aldehyde. In different portions
of milk fat 0.1 to 0.8 mg free aldehyde per kg fat was
found in the distillate, while about 50 mg per kg bound
aldehyde was present. Usually a very small content of
free aldehydes (dodecanal and higher) is also present
in butter. For some samples of fresh butter, however,
this content was higher than normal: in a Dutch
butter, 20 mg per kg was found; in a German butter,
prepared from sweet cream, 11 mg per kg. Whether
these free aldehydes are formed from the plasmalogens
or from the phosphorus-free aldehyde containing lipids
is not yet known.

According to Van Duin (24), higher aldehydes in
fresh butter are formed from the butter plasmalogens
under the influence of the low pH of the butter serum.
Aldehydes can probably also be split off by the action
of enzymes or metal complexes (25).

Whether the glycerol ethers, the presence of which
was demonstrated in the unsaponifiable fraction of
butter fat, were present as such in butter, or were
initially bound as glycerol ether fatty-acid ester, was
not established.

This latter class of compounds was found by André
and Bloch (26) in shark liver oil, and by Karnovsky
and Brumm (27) in the starfish. It is unlikely that the
glycerol ethers originate from a phosphatide, as the
phosphoric acid component is not split off by alkaline
saponification and the compound, from which only the
fatty acid component is removed, does not, in conse-
quence, enter the unsaponifiable fraction. In order to
ascertain whether the glycerol ethers of milk fat occur
as such or are bound, it will be necessary to subject
the milk fat to countercurrent distribution and in-
vestigate the “monoglyceride” fraction.

The authors wish to thank the management of
Unilever N.V. for permission to publish this paper,
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