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The Decomposition of Monocarbonyl Precursors

Monomeric hydroperoxides, the primary products
of autoxidation, are considered the precursors of the
monocarbonyl compounds in autoxidized fat. The al-
dehydes isolated and identified are those predicted by
the scission of parent hydroperoxide isomers (9,10).
Hydroperoxides are labile and highly reactive, and
direet measurement of free aldehydes in their presence
has been considered questionable (17). Schwartz et al.
(26) showed that, in the dilute phosphoric acid-celite-
2,4-dinitrophenylhydrazine reaction method, hydro-
peroxides disappeared. These investigators, on the
basis of experiments with methyl linoleate hydro-
peroxides, eoncluded that no monocarbonyls were pro-
duced in the Schwartz column reaction. However, sig-
nificant differences related to autoxidation have been
shown in this investigation to oeccur between the
Schwartz and volatile monoearbonyl compounds dur-
ing the early stages. The observed differences may be
due to the decomposition of other hydroperoxides or
precursors. Also it should be considered that a pure
preparation of hydroperoxides may not be the same as
an oxidized fat system. A change occurred with ad-
vanced oxidation sinece volatile monocarbonyls equaled
and frequently exceeded those isolated by the Schwartz
method.

Heating at 165C breaks down primary oxidation
products, greatly increases the monocarbonyl com-
pounds, and modifies their composition. Heating
autoxidized lard under Ny (15 min at 165C) produced
the results shown in Figure 6 (as compared with Fig-
ure 4). Tt is evident that the treatment narrowed dif-
ferences. This would have to be due to the decompo-
sition or decrease of precursors.

The evidence presented shows interesting and sig-
nificant differences between the monocarbonyl isola-
tion methods examined. This is unquestionably in-
fluenced by the carbonyl precursors present, which in
turn might be related to the degree and course of
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autoxidation. It should be considered that the range
of autoxidation conditions used in these experiments
was purposely narrow; and other eonditions, environ-
ments and substrates might give other relationship
patterns.
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The Triglycerides of Sable Fish (Anaplopoma fimbria)
I Quanutative Fractionation by Column Chromatography on
Silica Gel Impregnated with Silver Nitrate

AMI DOLEYV and H. S. OLCOTT, Department of Nutritional Sciences, Institute of Marine Resources,

University of California, Berkeley, California
Abstract

The triglycerides of sable fish muscle oil were
eluted from a silver-nitrate-impregnated silica
gel column with petroleum ether containing in-
creasing amounts of ethyl ether as solvents.
Eighteen peak fractions were analyzed for fatty
acid composition. Caleulated iodine values pro-
gressed regularly from 38 to 115. The detailed
data show that the fractionation did not depend
upon the presence of individual fatty acids but
on total unsaturation. Not all of the triglycerides
containing polyunsaturated fatty acids were
eluted.

Introduction

SATISFACTORY METHODS for the separation of indi-
vidual triglycerides are not yet available. Sev-
eral investigators have attempted to apply the pro-

cedures of fatty acid fractionation, e.g., fractional
crystallization, countercurrent distribution, thermal
gradient fractionation, thin-layer chromatography,
and others (1-8). More recently attempts have been
made to separate triglycerides by gas chromatography
(9-11) and by liquid-liquid column partition chro-
matography (12). Separate lipid components have
been fractionated by silicic acid gel chromatography
(13-16). The discovery by deVries (17,18) that silver
nitrate-impregnated silicic acid suceessfully separated
fatty acids with different degrees of saturation sug-
gested that such a technique might be useful in the
separation of triglycerides. Wurster et al. (19) have
deseribed the separation of methyl esters on such a
column and Barrett et al. (20) used a silver nitrate-
impregnated silicie acid gel for thin-layer chroma-
tography. We have now applied this method to the
fractionation of the triglycerides of sable fish oil. The
oil of the sable fish [black cod (Anaplopomo fimbria) ]
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Fie. 1. Sable fish triglycerides fractionation on sgilica gel
—AgNos ¢column. Solvent gradient started with 1009 petroleum
ether and ended with 1009% diethyl ether.

is much more stable than other fish oils, an advantage
to this type of study. Since the completion of the work
deseribed in this paper, Jurriens et al. (21) have pub-
lished results on a study of triglycerides of other oils
based on the same method.

Experimental
Material

Three sable fish weighing 25, 17 and 11 1b, were
caught at the mouth of the Columbia River, immedi-
ately frozen, shipped to this laboratory with dry ice
packaging, and held at —18C until used.

Extraction

After the fish were thawed, muscle tissue was excised
and extracted as follows: 50 g of tissue and 200 ml of
chloroform :methanol (95:5) were mixed in a Waring
blendor for 4 minutes, then filtered. The residue was
re-extracted with 200 ml of the same solvent, again
filtered, and discarded. The filtrates were ecombined,
the aqueous layer was removed, and the solvent was
removed from the chloroform layer in a rotary evap-
orator. The residual oil was stored under nitrogen at
—18C. Yield, 9.8%.

Separation of Neutral Lipids

Neutral lipids were separated from the rest of the
lipid components by column chromatography on silicie
aecid gel as described by Shuster et al. (18). The oil
was dissolved in chloroform containing 0.5% ethanol
and washed through the column with the same solvent.
Subsequent work showed that about 6% of the total
extract remained on the column,

Column Chromatography
The silica gel for the fractionation of the trigly-

TABLE I

Fatty Acid Composition of the Total Triglycerides of Sable Fish
(Black Cod—Anaplopomn fimbria)

: Fatty Acids from
Carbon number E;?égy:%g;iddsegf %gi‘igggggg?sd
(4
4.1 4.1
0.7 0.6
14.8)
11.6;28.4 28.4
2.0)
1.0 1.0
3.8)
38.0)
CIB2. e 2.1) "% 150
G183 e 1,3;
C1pi e 1.0 1.4
G20, e 6.6)
€204 1.0)12.2 119
C205. i eieeeieciiar e e e 4.6)
022 4.1}
T8, 2237 o0
CB4 i 1.4 1.1
166“.3—“ 100.2

cerides was prepared by a modification of the de Vries
(18) procedure as follows: 50 g of silicic acid (Silica
Gel G, aceording to Stahl, 100-200 mesh) were sus-
pended in 100 ml of 40% silver nitrate, brought to
beiling with stirring, allowed to cool, filtered, and
dried overnight in an oven at 130C. The cooled pow-
der was ground in a ball-mill and stored in a desic-
cator. All operations were protected from light.

A water-jacketed column, 10 mm I.D., 40 em long,
was packed as described by de Vries (18) for the frac-
tionation of fatty acids. The column was held at 10C.
Five hundred milligrams of triglycerides were dis-
solved in 5 ml petroleum ether and applied to the
column. The eluting solvents consisted of petroleum
ether (boiling point range, 40-45C) with increasing
amounts of redistilled ethyl ether, as shown in Fig-
ure 1. Pressure at the top of the column was main-
tained at 1 1b/sq in. with nitrogen and the flow was
about 65 ml/hr. One hundred 10 ml fractions were
collected. A 1 ml aliquot of each fraction was evap-
orated to dryness and weighed.

Analytical Methods

Peroxides were determined by a modification of the
AOCS standard procedure (22). lodine values were
obtained by the Wijs method as described by Mehlen-
bacher (23). Oil stability was assessed by the weigh-
ing method deseribed by Oleott (24). A 200 mg sam-
ple of oil in a 10 ml beaker was held in a draft oven
at 50C. Beakers were weighed daily and peroxide

TABLE IT
Percentage Fatty Acid Composition of Triglyceride Fractions of Sable Fish Oil

Carbon No. Fraction No.
3 4 5 8 12 17 23 31 37 45 52 61 70 76 81 87 91 97
0.9 T T T T
9.7 8.2 8.5 8.2 8.6 6.0 5.0 4.8 5.0 3.2 1.0 0.5 0.4 0.5 0.8 2.2 2.5 2.9
T T T T T T T 0.4 0.4 0.2 0.2 0.3 0.4 0.6 T T T
0.8 0.7 0.6 0.7 0.6 0.5 0.4 0.3 0.4 0.2 T T T T T T 0.4
30.5 26.9 27.9 29.2 29.5 22.0 19.4 18.5 17.8 10.6 3.5 1.7 1.6 1.6 2.9 10.0 10.1 13.1
7.0 8.3 7.2 8.7 8.2 9.3 10.5 13.8 14.6 13.9 12.8 14.5 18.8 20.5 23.1 17.1 15.6 12.1
1.8 T 1.0 1.4 1.4 1.5 1.0 T T 1.2 1.0 T
5.9 5.1 5.5 5.0 5.4 3.8 3.4 2.9 2.2 1.0 . T 2.7
30.0 36.6 34.7 34.8 34.2 41.1 46.2 48.4 47.0 50.1 55.0 59.1 58.4 62.3 58.4 44.9 42.5 37.8
6.9 7.4 7.9 6.4 6.6 8.4 8.1 7.1 7.8 10.6 | 145 | 14.3 | 12.6 9.7 8.5 7.8 6.9 6.9
4.9 5.1 4.8 4.2 4.5 5.9 4.4 3.5 3.6 6.7 8.8 7.0 4.5 2.8 2.3 2.7 3.1 3.0
1.6 2.0 1.6 14 1.0 1.5 0.8 0.6 0.8 1.9 1.5 0.7 0.4 0.4 0.3 0.4 0.8 0.9
0.9 0.9 1.3 1.3 1.5 0.8 0.7 0.3




626 Tue JourNaAL oF THE AMERICAN O CaEMisTs’ SOCIETY

[72]
o sof
<
501 Ciga
> o
- 40 °
HEl L
gl .
30 8/
I ]
- Ca
5 \‘\ ¢ o
20} 0\_‘2. °/°
g Cign :l\u b/ —\0 ,CIG
w 161 __o—" .\° P . "
o * cred
Cl4

~ [ s S

B T T e N S S S
16 26" 30 40 50 60 70 80 90 100

FRACTION NUMBER

¥1¢. 2. Distribution of Cu, Cis, Cisn, Cis, Csn fatty acids in
sable fish triglyceride fractions {(ef. Fig. 1).

values were determined at the end of the induction
period. Tocopherol content was determined as de-
seribed by the Analytical Methods Committee 1959
(25).

Fatty Acid Analysis

Fatty acid composition of the total triglycerides and
of selected fractions was determined by gas chroma-
tography following methylation by transesterification
with methanol containing 1% sulfuric acid. A Wilkens
Aerograph HY-FI Model 600 was used. A siliconized
coiled glass column (213 cm long, 2 mm LD.) was
packed with 1% EGSS-X (siliconized ethylene glycol
succinate, Applied Science (26) on siliconized ehromo-
sorb P (mesh 100-200). Samples were run three times
each at 150C and at 190C. Peak areas were estimated
by the method deseribed by Carroll (27), and the fatty
acid esters were identified by comparison with those
of NIH Standard Mixes (28). In addition, all sam-
ples were hydrogenated according to Farquhar et al.
(29) and rerun.

Results and Discussion

The stability of sable fish oil is unusual. The iodine
number of 80 for the triglyceride fraction is far less
than that of most marine oils. The iodine number cal-
culated from the fatty acid composition of the triglye-
eride fraction as shown in Table I was 83. The per-
oxide value of the whole extraect after being stored for
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fish triglyceride fractions (ef. Fig. 1).
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Fig. 4. The iodine value (caleulated) of sable fish triglyceride
fractions plotted against fraction number (ef. Fig. 1).

one year at —18C was less than 5. The induction
period at 50C was over 5 months during which there
was no weight gain, no peroxide formation and no de-
tectable rancidity. This stability is probably aserib-
able to the toecopherols which were present in this sable
oil at a level of 224 mg/kg, and to the phospholipids
(3). A different sample of sable fish oil was reported
to econtain 628 mg/kg of tocopherol (31). The sepa-
rated triglycerides, presumably phospholipid-free, had
an induction period of 5 days at 50C.

The total triglyceride fraction contained much less
polyunsaturated fatty acids than do most marine oils
(32) and a high content of oleic acid (Table I). Com-
position may vary with season, feed, ete. (31,33).

Results of the fractionation are shown in Figure 1.
Recovery was 94%. Eighteen peaks were chosen for
fatty acid analysis. The fatty acid composition of
these fractions is presented in Table II. As shown in
Figures 2 and 3, there was no indication that frae-
tionation was dependent on any single fatty acid.
Oleic and palmitoleic acids followed the same elution
patterns and so did the Csg, Csp and Cay saturated
fatty acids. A clear picture of the eolumn behavior
emerged when the theoretical iodine number obtained
from the fatty acid analyses of each fraction was
plotted against fraction number (Fig. 4). The oil with
original iodine number 80 was separated into fractions
with iodine numbers ranging from 38 to 115, Sinece
the polyunsaturated fatty acids in the original oil were
not quantitatively recovered in the fractions, the losses
during chromatography are probably due to failure
to elute glycerides containing them.

Based on the assumption that all possible variations
of fatty acid distribution might oceur, 17 different
fatty acids could lead to 2602 different triglycerides
[(n3 +n?)/2] (34). Even if it proves not possible to
separate isomers, the 969 separate triglycerides
[(n3 4 3n2 + 2n) /6] would be extremely difficult to
separate and identify (29). In all likelihood, however,
the biosynthetic mechanisms involved will have suffi-
cient specificity so that the triglyceride picture will
eventually be considerably simplified. The positional
distribution of fatty acids within the separate frac-
tions is now being studied by the pancreatic lipase
technique (35).
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Degradation of Linear Alkylate Sulfonates in Sewage

J. P. SIMKO, JR, E. M. EMERY and E. W. BLANK, Colgate-Palmolive

Research Center, New Brunswick, New Jersey

Abstract

Residual linear alkylate sulfonates isolated
from sewage effluents during a field test of bio-
logically soft detergents reveal chain-length and
phenyl isomer distributions similar to those in
the influent stream. The data suggest no pref-
erential degradation of linear alkylate sulfonate
isomers under the field test conditions. The ef-
fluent is, however, characterized by apparent
changes in branching content.

Introduction

N INTENSIVE sTUDY has been conducted in this
A laboratory of the alkyl benzene sulfonates iso-
lated from sewage during a field test of the biodeg-
radation of linear alkylate sulfonates in a sewage
treatment plant located at Elm Farm Mobile Home
Park community near Woodbridge, Virginia (1).
At this locality the sanitary waste is treated in an
extended aeration activated sludge system. Condi-
tions for control of the test were particularly fa-
vorable at this site and the satisfactory analytical
results obtained reflect this factor.

To complement the more extended study (1) in-
formation was sought regarding the nature of resi-
dual linear alkylate sulfonate species present in the
effluent stream from the plant subsequent to intro-
duetion of products containing these materials. To
obtain this additional information samples of raw
sewage and treated effluent were taken periodically
and the residual linear alkylate sulfonate species
isolated as the methyl heptyl ammonium salts. These
isolated materials were examined by infrared spec-

troscopy, then desulfonated and the alkylates anal-
yzed by mass spectrometry to determine chain length
distribution and phenyl position isomer distribution.

Experimental

Sewage samples were taken over a five-week period
after the introduction of products containing linear
alkylate sulfonate (LLAS). Three raw sewage influ-
ent samples were taken during the study, one prior
to the introduction of products containing LAS and
two during the interval these were being used. The
influent designated A in Table I was taken approx-
imately one month after the introduction of LAS
produects and influent B one month later. The -
fluent control sample shown in Table 1T was taken
prior to the introduction of LAS material. Influent
studies were made to monitor the changeover to lin-
ear material and to permit comparison with materi-
als isolated from the treated effluent leaving the plant.
The standard sample listed in Table I is the base lin-
ear alkylate sulfonate with which the test products
were formulated.

A total of four treated waste samples were studied,
the first (Effluent A, Table I) taken approximately
six weeks after the imtroduetion of LAS materials
and the remaining three, namely B, C, and D, at
successive weekly intervals. Details of the sampling
methods are outlined elsewhere (1). All sewage sam-
ples in this work were preserved with formaldehyde
and, as an additional precaution, maintained at a
temperature of 4C or less, prior to analysis.

Methylene blue active species (MBAS) were de-
termined by the method described m Stendard Meth-
ods for the Examination of Water and Waste Water

TABLE T
Mass Spectrometric and Infrared Characterization of ABS Isolated from Sewage
Na ABS ppm Est. ¢ branching
Sample tD;{"te Mol. wt. Bst. % unsat.
asen as MBAS by IR jacd LS.

Influent “Control’” ... 8-26-63 27.0 14.0 90 88.2 250.0 21.5
Standard ... L [J 3.1 258.0 4.9
Influent A ... 9-27-68 24.5 20.7 11 14.0 256.0 7.2
Influent B ... 10-28-63 28.0 i7.6 2 6.4 257.2 10.6
Eifluent A . 10-14-63 3.9 3.8 51 34.5 258.3 22.9
Eifluent B 10-21-63 2.4 2.4 79 62.9 255.6 32.6
Effluent C.. 10-28-63 1.1 0.85 53 22.5 261.5 35.2
Effluent D 11- 4-63 0.8 0.59 60 21.0 259.2 32.8




