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hard fat; the crystal structure is in the befa form.
‘While some of these emulsions are undoubtedly eom-
plex structures, all three forms disperse in water.

As long as the temperature is maintained above
the gel point, Type A emulsions appear to be stable
indefinitely. The stability of Type B emulsions varies
depending upon the composition, method of prepara-
tion, and temperature of storage but may be between
minutes and months. Type C emulsions appear to be
stable indefinitely, and the water can be evaporated
to yield a very fine, free-flowing powder. Type A
emulsions can be regenerated from either Type B
or Type C by heating above the gel point. This eycle
is shown in Figure 3.
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Effective co-emulsifiers are the strongly hydrophilie
types, which are usually water-soluble, and may be
anionie, nonionic, or cationic. BExamples which have
been used successfully include ordinary sodium soaps,
sodium lauryl sulfate, polyoxy compounds (Tween
80), sucrose monopalmitate, quaternaries, and certain
protein hydrolysates. The more hydrophilic materials
are more effective, and less is required to accomplish
the same result. Table V shows that an optimum
quantity of co-emulsifier exists, at least when sodium
oleate is the co-emulsifier.

TABLE V

Type B Emulsion 2 Stability of Distilled Monoglycerides from
Hydrogenated Lard with Sodium Oleate

Time (days) to

Sodium oleate develop B-crystals
25°C.

g at
0.2 3
0.4 3
0.5 28
0.7 10
0.9 4
2.0 1

220 g. of monoglyceride and 200 g. of water.

Summary

When concentrated monoglycerides (such as dis-
tilled products) are heated to about their melting
point with water, a gel is formed. The exact tem-
perature of gelation is dependent upon molecular
weight of the fatty acid (monolaurin does not gel,
but monopalmitin does) and upon the the purity of
the monoglyceride.

Additives can prevent gelation, with triglycerides
(15% to 20% required) about twice as effective as
diglycerides (30% to 40% required). Highly hydro-
philic co-emulsifiers prevent gelation, resulting in one
of three types of emulsions, at least two of which
are thixotropic.

Water is partially soluble in monoglycerides and
in monoglyceride containing blends. By this tech-
nique many water-soluble materials can be inecor-
porated into an oil solution.
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Oxidized Fatty Acid-Protein Complexes’

K. A. NARAYAN and F. A, KUMMEROW, Department of Food Technology,

University of Illinois, Urbana, Ilinois

ROTEINS ARE KNOWN to form complexes with a

wide variety of substances, such as alkyl benzene

sulfonates (1), p-amino azo benzene (2), gossy-
pol (3), phospholipides (4), sterols (5), and various
other lipide materials. However most of these com-
plexes are labile and could be easily ruptured to
give back the constituent molecules in their original
form by use of simple techniques, such as extraction
with a suitable solvent system. Although considerable
work has been done on lipoprotein complexes, very
little is known regarding the structure of these con-
jugated proteins (6). Dervichian considered the asso-

1 Portion of a thesis presented by K. A. Narayan as partial fulfill-
ment of the requirements for the degree of Doctor of Philosophy in
Food Technology. Supported by a grant-in-aid from Swift and Company
and by research grant No. C-1932 from the National Institute of Health,
% lfS. Public Health Service, Department of Health, Education and

elfare.

ciation between the lipide and the protein to involve
a weak lipide-lipide linkage, which could be split
by ether when the water barrier was removed, and a

" somewhat stronger lipide-protein linkage that could

be split by use of boiling aleohol (7). The presence
of a strongly bound lipoprotein which is resistant to
solvent action has been reported by Foleh et al. as
occurring in brain tissues (8).

Recently Tappel observed that unsaturated fatty
acids and esters could react with proteins forming
rather stable complexes which could not be ruptured
by solvent treatments (9). He attributed the stability
of these complexes as being caused by a chemiecal
union between the aldehydes produced during autoxi-
dation of the lipide and the reactive amino groups of
the protein. Tappel obtained these stable lipide-pro-
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tein complexes by agitating a 14% solution of the
protein in a water or buffer medium with a large
excess of the lipide in the presence of a hematin
catalyst at 37°C., using a mechanical shaker. How-
ever reproducible results could not be obtained under
these conditions. In the present investigation stable
complexes were formed between egg albumin and
oxidized linoleic acid under standardized conditions
which gave rise to reproducible results. It will be
apparent from the data presented that there is little
likelihood of an aldehyde-amine condensation reaction
taking place in the reactions leading to the complex
formation. From these and other studies on the
physical and chemical properties a possible strue-
ture has been proposed for these complexes.

Experimental

Formation of Oxidized Linoleic Acid—Egg Albu-
min Complexes.® Ten g. of powdered egg albumin
were dissolved in 1,000 ml. of distilled water with the
aid of a mechanical stirrer. Ten g. of freshly pre-
pared linoleic acid (iodine value 180.1, peroxide value
0.0) were added and emulsified into the protein solu-
tion. The flask containing this mixture was placed in
an oil bath, and the stirring was continued at a rapid
rate. The internal temperature of the lipide-protein
emulsion was maintained at 60 -+ 2°C. by adjusting
the temperature of the oil bath. After the specified
reaction time the denatured protein-linoleic acid com-
plex was obtained by filtration, soaked in acetone for
24 hrs., and extracted in a Soxhlet apparatus, first
with acetone for 24 hrs., followed by ethyl ether for
24 hrs. The product was dried at 50°C. in a vacuum
oven and weighed.

Three g. of the product were hydrolyzed on a
steam bath for 10 hrs. with the aid of a 10% solution
of aqueous potassium hydroxide. The resulting solu-
tion was acidified with hydrochloric acid and ex-
tracted with ethyl ether. The residue obtained upon
evaporation of the ether extract was taken as indica-
tive of the amount of unsaturated fatty acid com-
plexed with the protein.® The unreacted, autoxidized
linoleic acid was obtained from the cold acetone ex-
tract by evaporation of the solvent and was freed
from the last traces of acetone by water washing of
the ether extract. The iodine number determinations
were conducted on the reduced samples, and the acid
numbers were determined by a slight modification of
the official method (10). The peroxide numbers were
determined according to the method of Wheeler (11),
and the carbonyl values were determined by a modifi-
cation of the method deseribed by Lappin and Clark
(12). The infrared spectra were determined, using a
Beckman TR 2 spectrophotometer.

Alumina-Lipide Complexes. These complexes were
prepared by mixing, with a spatula, 100 g. of acti-
vated alumina with 25 g. of the lipide for 10 min. The
free lipide was removed first, by addition of ethyl ether
and decantation of the extract, and second, by solvent
extraction of the alumina-lipide complex in a Soxhlet
apparatus with ethyl ether for 48 hrs., followed by an

extraction with 1,4-dioxane for 24 hrs. The nonex-
tractable lipide in combination with the alumina was
obtained by treatment with strong aqueous potassium

2The conditions were chosen after preliminary investigation of the
factors -influencing the complex formation. These data will be pre-
sented in a separate paper.

3 Under similar conditions egg albumin gave rise to 0.8% of extract-
able material.

NARAYAN ET AL.: OX1piZEp Farry Acm-ProTtEIN COMPLEXES 53

hydroxide, followed by acidification and extraction
with ethyl ether.

Estimation of Reactive Groups in the Protein. The
reactive hydrogen groups in the protein and the pro-
tein of the protein-linoleic acid complexes were esti-
mated by reacting them with lauroyl chloride. Three
g. of the protein or the lipide-protein complex were
suspended in 100 ml. of anhydrous ethyl ether cooled
to 0°C. and kept stirred by means of a magnetic
stirrer. Ten g. of lauroyl chloride were added rapidly,
followed by the gradual addition of 35 ml. of pyri-
dine. The reaction was allowed to proceed for three
days at room temperature. After this period 20 ml. of
methanol were added, and the stirring was continued
for three more hours. The lauroylated product was
obtained by filtration, followed by washing with ethyl
ether and extraction in a Soxhlet apparatus with
ethyl ether for 24 hrs. It was dried at 50°C. under
vacuum and weighed. The number of lauroyl groups
introduced was estimated by alkali hydrolysis, fol-
lowed by acidification with hydrochlorie acid, ether
extraction, and gravimetric determination of lauric
acid. In the case of the lauroylated protein-fatty acid
complex the difference between this amount and the
amount of fatty acids initially present in the complex
was used for determining the number of lauroyl
groups.

Results and Discussion
A saturated fatty acid like lauric acid did not com-

plex with egg alubmin while a monounsaturated fatty
acid like oleic acid reacted with egg albumin only to

TABLE 1

The Effect of the Nature of the Fatty Acid on
Complex Formation 2

Product,”

Expt. . Reaction Fhere Lipid,¢
No. ' Material time 1;?3::}}1 product
hrs. % A
1 Lauric acid 60 77.0 0.1
2 Oleic acid 32 66.0 0.4
3 Linoleic acid 28 90.0 7.7

A Using 10 g. of egg albumin, 30 g. of the fatty acid, 1,000 ml. of
distilled water at 60°C.

b Product/initial protein means yield of the product expressed as per-
centage of the initial dry protein.

¢ Lipide/product means the percentage of extractable material obtained
from the product on hydrolysis after correcting for the extractable ma-
terial in native protein.

a very small extent (Table 1). The results seemed to
indicate that linoleic acid could not complex with egg
albumin unless it was partially oxidized (Table II).
Oleic acid and lauric acid did not possess the neces-
sary functional groups required for complexing with
proteins. These functional groups were apparently
present in autoxidized linoleic acid, therefore with
increasing autoxidation a corresponding increase in
the weight of the denatured protein-fatty acid com-
plex and an increase in the amount of the complexed
fatty acid were obtained. However, even after a long
reaction time, the amount of complexed linoleic aecid
in the product could not be inereased to more than
8.0%.

There seemed to be no definite relationship between
the number of hydroperoxide groups in the unreacted
linoleic acid and the extent of complex formation
(Table IT). Although there seemed to be some con-
nection between the amount of carbonyl groups in
the unreacted faity acid and the reactions leading to
the complex formation, the decrease in unsaturation
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TABLE II
The Effect of the Extent of Auto-oxidation of Linoleic Acid on Complex Formation 2
Koot Product Linid | Unreacted lipide Lipide material from complex
xpt. X vt ipide, —
0. Time 1;1;::%1 product Acid Todine Peroxide Carbonyl Acid Todine Peroxide Carbonyl
P No. No. No. value No. No. No. value
hrs. % %
1 2 68.9 0.3 194.5 170.2 166.1 12 191.6 — — -—
2 14 81.4 3.1 164.8 107.0 741.2 1.19 253.0 69.4 0
3 31 89.9 5.9 164.2 93.7 215.8 1.43 278.2 52.7 0] 0.65
4 216 96.7 8.0 160.7 74.0 25.2 5 256.0 0
a Using 10 g. of egg albumin, 10 g. of linoleic acid, 1,000 ml. of water at 60°C.

seemed to have a direct bearing on complex forma-
tion. This decrease in unsaturation of the autoxi-
dized fatty acid was also attended by a corresponding
decrease in the acid number, which indicated that
the oxidative polymers formed were probably linked
through oxygen groupings. This is in conformity
with the results obtained by Chang and Kummerow
(13), who observed that the oxidative dimer and tri-
mer of ethyl linoleate had 8 and 12 extra atoms of
oxygen per molecule of polymer, respectively. Al-
though the infrared spectra of the unreacted linoleic
acids exhibited the O-H---O association band near
3.7 microns, the broad band around 10.6 microns in-
dicative of OH vibration in and out of the plane of
the —COOH group was found to decrease progres-
sively as the autoxidation proceeded (Table 1I).

The chemical properties of the material obtained
by hydrolysis of the complexes did not in any way
help to explain the nature of bonding between the
lipide and the protein. The iodine and carbonyl val-
ues of these materials were found to have dropped
considerably when compared with the values obtained
from the unreacted linoleic acids isolated from each
experiment. In spite of the fact that these materials
were fairly viscous, the acid numbers were rather
high. The infrared spectra exhibited all the charac-
teristic absorption bands of fatty acids, the C-H
stretching near 3.4 microns, the O-H- - - O association
band at 3.7 microns, the C=0 stretching near 5.8
microns, the C—H bending around 7.0 microns, and
the CH, wagging mode near 13.7 microns, with the
exception of the broad band at 10.6 microns.

TABLE IIL

A Comparison of the Results Obtained with Various Color
Reactions Which Are Applicable to Proteins

Amount .
Exps. Material o Ninby- | Millon's | Biuret
. lipide
%

1 Egg albumin — -+ + -+
2 Egg albumin-linoleie acid

complex 0.8 + + +
3 Egg albumin-linoleic acid

complex 3.1 —_ + -
4 Hgg albumin-linoleic acid

complex 5.9 — -+ -+
5 Egg albumin-linoleic acid

complex 8.0 — -+ -+
6 Lauroylated egg albumin-

linoleic acid complex 32.7 — — -+
7 Lauroylated egg albumin 26.8 — — -+

The various color tests for proteins were applied
to these complexes in order to determine qualitatively
whether any of the reactive groups were tied up
(Table IIL). Tappel has indicated that none of the
complexes prepared by him gave the biuret or nin-
hydrin test. All the linoleie acid-egg albumin com-
plexes prepared in this study gave a positive biuret
and a positive Millon’s test. The ninhydrin test was
however negative in the case of three of the com-

plexes. The lauroylated complex gave a positive biu-
ret but a negative ninhydrin and a negative Millon’s
test.

It has been suggested that aldehydes produced dux-
ing the oxidation of the unsaturated fatty acids could
react with the amino groups of the protein by a type
of aldehyde-amine condensation reaction (9). To in-
vestigate this possibility three aldehydes of varying
chain length were reacted under the same conditions
that would exist if these or other aldehydes were
formed through oxidation of the unsaturated fatty
acid during the course of the reaction between the
lipide and the protein (Table IV). Denatured protein

TABLE IV
The Effect of Aldehydes on Complex Formation &
. Product, Extractable?
Expt. Aldehyde Reaction | “initial material in
0. protein product
hrs. % 7
1 Acetaldehyde 10.0 75.0 14
2 Nonaldehyde 1.5 58.0 1.1
3 Lauryl aldehyde 24.0 77.0 1.5

2 Using 10 g. of egg albumin, 1,000 ml of distilled water and 30 g.
of aldehyde at 60°C.
b After alkali hydrolysis and acidification.

similar to those observed using linoleic acid were ob-
tained. However the amount of alkali hydrolyzable
material in these products was found to be less than
2%. In the reaction with lauryl aldehyde the unre-
acted material was isolated and its acid number was
determined. This value was roughly one-half of what
would be expected if all the aldehyde had been oxi-
dized to the acid. If would appear from these results
that an aldehyde-amine condensation reaction does
not take place in lipide-protein complexes. This was
confirmed by the fact that lauroyl chloride was found
to react with the linoleic acid-egg albumin eomplex to
the same extent as the denatured egg albumin (Table
V). The native egg albumin was found to be unre-
active, which seemed to suggest that the reactive
groups in the protein became available only on
denaturation.

The extent of complexing with alumina and various
oxidized or polymerized and fresh lipides indicated

TABLE V

Estimation of the Number of Acyl Groups Introduced
into the Protein and the Complex

Acylated product Mol
Protein g&%tt(;i(f Reagent Total Polymeric acoyf,
extract lipide | 8TOuP*®
D%
HEgg albumin | Native Lauroyl
chloride 0.8 0 0
Egg albumin | Denatured by| Lauroyi
oleic acid chloride 27.6 0 0.186
Egg albumin- | Denatured
linoleic acid Lauroyl
complex chloride 33.5 8.0 0.183

2100 g. of protein.
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that a strong adsorption could be produced even by
a simple mechanical mixing process if the necessary
group or groups were present (Table VI). It is con-
ceivable that these results could very well explain
the observations made by several workers (14, 15)
concerning material losses while using chromatog-
raphy as a technique for the resolution of mixtures

TABLE VI
Estimation of Unextractable Material 2 in Adsorption Complexes

Unextractable material

s Adsorb-

Lipide ent Condi- | Condi- Condi-

tion AP | tion B¢ | tion Cd
% Yo %
Thermally oxidized corn oil............ Alumina 3.2 2.7 0.7
Fresh corn oil...cveiconnicnncenncinanndd] Alumina — 0 —
Thermally polymerized corn oil...... Aluming — 0 —
Oxidized linoleic acid.. .| Alumina — — 4.7
Fresh linoleic acid ...| Alumina — - 3.2
Fresh oleic acid ..| Alumina — — 0.5

2 Determined by treatment with strong aqueous alkali, as in the case

of lipide-protein complexes.

b Washed repeatedly with ethyl ether.

¢ Extracted in a Soxhlet apparatus with ethyl ether for 48 hrs.

d Bxtracted in a Soxhlet apparatus with 1,4-dioxane for 24 hrs. after
an initial 48-hr. extraction with ether.

of lipides or amino acids. The fact that oxidized corn
oil and oxidized lLinoleic acid were strongly adsorbed
by alumina indicated that they possessed certain func-
tional groups that were not present in fresh corn oil
or thermally polymerized corn oil. Although the pres-
ent study indicated that pure linoleic acid was also
strongly adsorbed, it seemed likely that the unsatu-
rated fatty acid was oxidized on the surface of the
adsorbent, which would therefore account for the irre-
versible adsorption. This was confirmed by the fact
that oleic acid was found to be adsorbed to a much
smaller extent. The small adsorption observed with
oleic acid further indicated that some group or
groups besides the carboxyl group were responsible
for the strong adsorption observed with oxidized
lipides.

The fact that no correlation could be established
between the number of hydroperoxide and carbonyl
groups in the unreacted linoleic acid polymers and
the extent of complex formation suggested that these
groupings were not chemically tied up in the lipide-
protein complex reaction. Increasing molecular com-
plexity of the unsaturated fatty acid seemed to en-
hance the complex formation. O’Connor et al. have
studied the infrared spectra of several saturated fatty
acids and have indicated that the 10.6 micron band
obeys Beer’s law (16). On this basis it is possible to
suggest that the progressive decrease observed in the
10.6 micron band in the infrared spectra of the unre-
acted linoleic acids could be taken as indicative of
increasing polymerization. It will be observed that
the hydrolysate obtained from the complexes also did
not exhibit the broad band at 10.6 microns in spite of
the fact that they gave rise to rather high acid num-
bers. Therefore, on this basis, the hydrolysates must
also be of a highly polymeric nature. Since a strong
alkali had been used for the hydrolysis, it is not pos-
sible to state coneclusively the nature of the molecular
complexity of the unsaturated fatty acid in associa-
tion with the protein.

Since the number of reactive groups in the protein
of the complex were almost the same as that in the
original protein, it can be stated that the complex
formation does not involve a chemical combination
between the reactive groups of the lipide and the
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amino, sulfhydryl, or hydroxyl groups of the protein.
It should be pointed out that the carboxyl groups in
the protein were not estimated in the method em-
ployed in the present study. It has been suggested
that the hydroperoxide groups in oxidized fats and
fatty acids could react with the carboxyl groups of
the protein and form ester linkages (17). A similar
reaction does not seem to apply in the case of lipide-
protein complexes because no definite relationship
could be drawn between the number of hydroperox-
ide groups in the lipide and the extent of complex
formation. However it was difficult to account for the
extremely stable nature of the complexes. The strong
adsorption obtained with alumina and oxidized lipides
seemed to suggest that stable adsorption complexes
could be obtained, provided the necessary functional
groups were present.

The formation of hydrogen bonds between two
strongly electronegative atoms, such as oxygen or flu-
orine occurring in covalent molecules, is well known.
Hydrogen is also known to bridge ionic molecules,
such as hydrogen fluoride. Since hydrogen bonding is
essentially a weak electrostatic linkage, there does not
seem to be any reason to doubt that hydrogen cannot
bridge two molecules, one an ionic molecule, such as
alumina, and the other a covalent molecule, such as
oxidized lipide. In order to express this more quanti-
tatively it can be stated, on the basis of Pauling’s
scale of electronegativities, that the bonding between
oxygen and aluminum in the alumina molecule must
possess at least 63% of an ionic character as compared
with the 39% ionic character of the bond between
oxygen and hydrogen in water (18). It is doubtful
whether these figures have much significance in the
case of ionic linkages however; the order of their
magnitude must have some bearing on the electro-
static nature of such linkages. On this semiquantita-
tive basis a strong hydrogen bonding between the
hydrogen of the hydroperoxy or hydroxy group in
the oxidized lipide and the oxygen of the alumina
can be postulated. This would explain the ease of
formation of these adsorption complexes, also the
reason why oxidized linoleie acid with a high perox-
ide number is adsorbed to a greater extent than ther-
mally oxidized corn oil with a low peroxide value.

A similar reasoning eonld be applied to the case of
lipide-protein complexes. The linoleic acid polymer
may be considered as being held by means of strong
hydrogen bonding to a protein monolayer consisting
of approximately parallel peptide chains in an ex-
tended beta keratin-like configuration. Such a con-
figuration for denatured egg albumin has been pro-
posed by Palmer (19). Itis possible that four linoleic
acid polymers consisting of three residues each (i.e.,
a trimer) are adsorbed in the plane of the protein
monolayer and also are parallel to the peptide chains
in order to account for a larger number of hydrogen
bonds. The hydrogen bonding may exist between the
hydrogen of the hydroxy and hydroperoxy groups in
the oxidized linoleic acid and the oxygen of the car-
bonyl groups in the protein and also between the oxy-
gen of the carbonyl groups of the lipide and the hy-
drogen of the amide groups of the protein. Although
hydrogen bonds are individually weak (of the order
of 5 to 8 Kcal/mole), by combining their forces, the
cumulative effect of all these forces may be quite large
(20). The stability of the urea complexes of long-
chain, aliphatic molecules has been attributed to the
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hydrogen bonding between adjacent urea molecules
that wind around the long-chain molecule, giving rise
to specific crystal structures (21).

On the basis of the above structure for the complex
the nonreactivity of laurie acid and unoxidized linoleic
acid can be explained as resulting from the lack of
hydroperoxy and keto groups in these lipides. It is
possible that other forces besides hydrogen bonding
are also involved because, on the basis of the above
postulate, the linoleic acid polymer containing the
largest number of hydroperoxy, hydroxy, and ecar-
bonyl groups must complex to the greatest extent with
the protein, which however was not the case.

Summary

Complexes have been formed between egg albumin
and oxidized linoleic acid. Little or no complex forma-
tion could be obtained with unoxidized linoleic acid,
oleic acid, or laurie acid. The amount of complexed
linoleic acid could not be increased to more than 8.0%
in spite of a long reaction time. The number of reac-
tive groups (amino, sulfhydryl, and hydroxyl) in the
protein of the complexes and in the original protein
were found to be the same. The data seemed to indi-
cate that a covalent linkage did not exist between the
reactive groups of the protein and the lipide in com-
plexes of this type. Strongly bound adsorption com-
plexes were formed between alumina and oxidized
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lipides by a simple mixing technique. A possible
structure on the basis of a large number of hydrogen
bonds has been proposed for the lipide-protein and
the lipide-alumina complexes and has been discussed
in detail.
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* Qils and Fats

Function and valuation of fats, oils, and emulsifiers in bakery
and food production. 8. Young. 38rd Intern. Bread Congr.
Hamburg 1955, 285-92. The activity of distilled monoglyceride
in baked cakes would be expected to be proportional to its
monoester content or about 2.2 times more active than the
reaction mixture. The distilled monoesters in an experimental
cake were considerably more active than was predieted. This
greater activity was primarily due to the absence of the diester.
(C. 4. 51, 15032)

Stabilization of edible fats by spices. II. A new antioxidant
from betel leaf. S. €. Sethi and J. 8. Aggarwal(Natl. Chem,
Lab. India, Poona, India). J. Sci. Ind. Res.(India) 15B, 34—6
(1956). Hydroxychavieol (4-allylpyrocatechol) isolated from
betal leaf has been shown to exert an antioxidant effect on
refined peanut oil and refined lard, Ascorbic acid from red
chillies was synergistic to their natural antioxidants; capsaicin
and isoeugenol also showed an antioxidant effect on peanut
oil. (C. 4. 51, 15031)

The role of lipides in baking, N. Fisher, Margaret L. Ritchie
and J. B. M. Coppoek{Baking Inds. Res. Sta., Chorleywood,
Eng.). Chem. & Ind.(London) 1957, 765-6. New data confirm
the existence of lipide- protem complexes in flour, Lipide still
in combination with protein is extraeted with cold carbon tet-
rachloride from untreated, unbleached 72% extraction flour.
The protein moiety varies aceording to the moisture content of
the flour and of the extracting solvent. Aecid hydrolysis of the
extracted produet shows the presenee of proline, whereas flour
dried and extracted in a desiccator with anhydrous carbon
tetrachloride gives mo proline reaction. The sterol fraction
erystallizes from a hot 97% acetone extract of the acetone
insoluble fraction of flour oil on cooling. Sitosterol palmitate
is isolated by aleohol erystallization of the product. A counter-
current distribution study of the acetone insoluble fraction
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was done with a 24-tube apparatus. Analyses of hydrolyzates
show that all fraetions contain polypeptide or protein, glycerol,
and P and N. (C. 4. 51, 15027)

The effects of surface-active agents on baking technology.
E. Maes. 3rd Intern. Bread Congr. Hamburg 1955, 255-8
Review, 80 references. (C. 4. 51, 15023)

Rapid determination of cholesterol in foods. H. R, Marangoni.
Arch. farm. y bioquim Tucumdn 7, 237-52(1955). Cholesterol
is determined colorimetrically by the color produced on heating
it with aecetic anhydride and sulfuric acid. Methods are given
for the analysis of ice cream, cookies, butter and other food-
stuffs. (C. 4. 51, 15024)

Replacement of glycersl with xylitol in preparation of rosin
acids esters. G. A. Fridman. Gidroliz. ¢ Lesokhim. Prom. 10
(4), 11-14(1957). Rosin aecids were esterified with xylitol
under various conditions. As the amount of xylitol was in-
ereased from 19 to 28% of the weight of rosin acids, the
esterification time was shortened by more than half. The opti-
mum amount of xylitol was found to be 25% ; and the optimum
temperature was between 280° and 290°. Above 300° thermal
decomposition oceurred. The addition of 0.1% of CaO and
0.15% of ealeium hydroxide shortened the reaction time from
15 to 10 hours. The reaction rate was accelerated and the
produet was brighter when the esterification was carried out
in a carbon dioxide atmosphere. (C. 4. 51, 15154)

Sunflower as oilseeds and fodder crop in West Bengal. H. C.
Choudhuri and H. T. Banerjee(State Agr. Res. Inst. Govt. W.
Bengal, Calcutta). Seci. and Culture(Caleutta) 21(11), 675-7
(1956). Sunflower (Heliathus annuus) seeds of the Giant Rus-
sian, West Bengal (as a control), Sunrise inbred advance
female parent and Sunrise varieties were grown., The semi-
matured stems and leaves were analyzed for moisture, protein,
fat, soluble carbohydrate, fiber and ash. The plants of the
Giant Russian variety were best for grain and fodder yields
but lower than the plants of the West Bengal variety in oil



