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The comparative absence of radiation damage and
radiation decomposition products in the tritiation of
saturated fatty acid esters was quite unexpected in
view of the complexity of radiochemical reaction
products reported by Wilzbach (5) for hexane and
cyclohexane.

It is concluded that saturated fatty esters may be
easily labelled with tritium in high specific activity
by the Wilzbach procedure of gas exposure and that
both the standard procedures for fatty acid purifi-
cation and the aleohol distillation for removal of ex-
changeable tritium are effective.
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Current Status of the Toxic Principle Causing the

Chick Edema Syndrome

GEORGE C. POTTER, The Quaker Oats Company, Barrington, Illinois; W. B. BREW, Ralston
Purina Company, St. Louis, Missouri; R. L. PATTERSON, Procter and Gamble Company,
Cincinnati, Ohio; and ENDRE SIPOS, Central Soya Company, Decatur, Indiana

HE BROILER INDUSTRY was faced with a new mal-

ady, which appeared in epidemic proportions

during the fall of 1957. Reports of the syndrome
had been made earlier in the year, but the number of
birds involved was quite small and the condition ap-
parently disappeared spontaneously.

The losses of birds by broiler raisers reached some
thousands of birds per day at the peak of the trouble.
The birds began to die at three to four weeks of age,
and post-mortem examination revealed the periear-
dial sac surrounding the heart almost always dis-
tended with fluid. As the condition progressed, the
abdominal cavity quite often was filled with ascitic
fluid, which led to the common term ‘‘water belly’’ as
a name for the condition (Figure 1).

In the young chick the symptoms of this trouble
included gasping, poor weight gain, paleness, and a
waddling duck-like gait as the abdomen began to fill
with fluid. Sudden deaths oceurred in the affected
flocks at three to four weeks of age.

The symptoms have not been observed to be as
severe in the adult chicken. Laying hens suffered
from a drop in egg production and fertility of the
eggs. The typical condition of edema has not been
produced in turkey poults and ducks when they were
fed diets containing the toxic material. Laboratory
rats, calves, and pigs did not exhibit the symptoms of
edema when kept on diets containing the toxiec mate-
rial. White rats fed a broiler ration which was toxic
to chickens did show some depression in growth.

Sanger et al. (1) reported that the fluids eollected
from the abdomen and pericardial cavity of birds
suffering from the edema symptoms were sterile, No
organism of a significant nature was recovered from
cultures of liver, heart, and lung. Intestinal wash-
ings and fluid from the heart and abdomen appeared
to be nontoxic when injected into white mice. Whole
intestinal tracts homogenized and fed to white mice
and four-week-old broilers for several days had neo
toxic effect. The condition was apparently not of an
infectious nature. The various medications and addi-
tives commonly found in feeds did not cause the
disease.

The accumulation of fluid in the pericardial sac is
the characteristic gross lesion of the condition called
chick edema or ‘‘water belly.”” As much as 20 ml. of
fluid have been collected from the pericardial sac of
broilers in advanced stages of the condition. In most
cases of field outbreaks of this eondition the affected
broilers had from 100-500 ml. of liquid in the ab-
dominal cavity (1).

. Fie. 1. Hydropericardial ondition in broiler suffering from
‘“chick edema,’’
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Edgar (2) and Schmittle (3) deseribed the histo-
pathological picture of the condition in some detail.
Liver sections showed small foci of necrosis and de-
generating cells. In the early stages the liver lobules
were intact, and there was no Increase in fibrous
tissue.

In the kidney epithelial cells in the proximal con-
voluted tubules exhibited albuminous degeneration.
There was some indication of interstitial edema.

The adrenal gland had petechiae and ecchymoses as
well as edema in the interstitial spaces. Some parenchy-
matous cells had undergone albuminous degeneration.

In the more advanced stages of this condition lesions
differed mainly in degree from the early stages. The
heart also had focal subepicardial hemorrhages and
lymphoeytic infiltrations. The epieardium was sepa-
rated from the myocardium by the hemorrhage and
edema present. In the later stages the tips of the villi
in the duodenum showed necrosis, but the deeper layer
of mueous membrane and the wall were unchanged.

In the terminal stages of the condition the liver
cells were nearly all destroyed and neerosis of entire
lobules had occurred.

SANGER (1) reviewed a number of conditions in the
chick that resembled superficially the histopatho-
logical picture found in the chicks receiving 2-5%
of the fat containing the toxic principle. Avian in-
fectious hepatitis (4, 5, 6), salt poisoning (7, 8, 9),
vitamin HE deficiency (1), and some chemical and
plant poisons fall into this category. However none
of these conditions show the extensive liver necrosis
found in this case.

Vitamin E when given in the feed or injected did
not prevent the appearance of symptoms or reverse
the condition once they became evident (1, 10,11,12).

Vitamin E cannot be excluded completely from this
picture as Machlin et al. (13) found that a diet de-
signed by them for vitamin E studies produced a
quick response to the toxic principle. Brew et al.
(14) used a modified Machlin diet without a deple-
tion period and found that two weeks were ample
for symptoms to appear. This meant a considerable
saving of the tedious labor of preparing the toxic con-
centrates could be achieved.

As a result of intensive work in a number of indus-
trial, government, and university laboratories it was
found that certain shipments of animal fat from spe-
cific sources caused the symptoms noted above. The
toxicity was found to reside in the nonsaponifiable
portion of the fat.

As a result of the preliminary laboratory and field
work on the edema problem the following conclusions
were drawn: a) the malady was not infectious and
not of baecterial origin; b) commonly found medica-
tions and additives did not reproduce the condition
when fed in the diet; ¢) certain shipments of fat from
specific sources could reproduce the condition and the
toxicity was caused by some unknown ingredient in
the nonsaponifiable portion of the fat; d) the fats
per se were not the causative agent as feeding of
fatty acids prepared from samples of fats containing
the toxic principle did not cause the edema.

As quickly as it was established that the toxicity
was in the nonsaponifiable portion of the fats, a num-
ber of laboratories started attempts to fractionate
this part of the fat. Column chromatography on alu-
mina, silicic acid, and silica gel soon established that
an abnormally high hydroecarbon content was present
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in the nonsaponifiables of the fat which causes the

trouble.

In a report to the Nutrition Council of the Ameri-
can Feed Manufacturers Association (11) a number
of possible contaminants of fat were discussed, and
the results of feeding trials of these materials were
given. Some of the compounds screened were seleninm
and nickel, petroleum compounds including tetraethyl
lead, polymerized vegetable oils, A% cholestadiene,
organic aldehydes of an aliphatic nature, and nitro-
gen-containing compounds. In general, most of these
feeding tests were based on either preliminary an-
alyses of the fats containing the toxie principle or
the relative probability of the fat becoming contami-
nated with such materials.

For instance, slightly greater than normal amounts
of nitrogen were found in the nonsaponifiable portion
of these fats. This led to the testing of aromatic and
aliphatic nitriles, and pyrrol and pyrrolidone by feed-
ing trials.

In the same way preliminary fractionations of the
nonsaponifiable material indicated that large amounts
of hydrocarbons were present. This led to the obvious
inference of contamination with petroleum-based ma-
terials. As a result of the analysis of the hydrocarbon
fraction /A\-3° cholestadiene was found to be a major
constituent and was tested by feeding trials. None of
the various materials tested gave symptoms identical
to those caused by fats containing the toxie prineiple.

In the same report to the Nutrition Council the
following materials were discussed: alpha-tocopherol
both fed and injected; antioxidants and the essential
fatty acids—Ilinoleic and linolenic. These were not
sereened for possible toxicity but for curative effects
once the birds began to exhibit the edema syndrome.

At first, reports were made that certain antioxi-
dants showed curative powers, but eventually it was
shown that none of the compounds tried, whether
antioxidant, vitamin, or essential fatty acids, had a
curative effect once the chick began to show the
symptoms of edema, )

Onee it had been established that the toxic principle
was present in the nonsaponifiable portion of the fat,
the research efforts were directed toward two objec-
tives: a) to develop a screening test applicable at the
mill level to detect suspect fats; and b) to isolate and
identify the toxic material or materials,

The fats containing the toxic principle character-
istically had an ultraviolet absorption much higher
than normal wholesome animal fats. This high ultra-
violet absorption was greatly magnified when the non-
saponifiable portion was isolated and the absorption
of this material followed in the region of 220 mg to
300 mp.

Figure 2 shows the absorption curve of A-3,5 cho-
lestadiene which is typical of a conjugated dieme
structure. This absorption curve is similar in shape
to the absorption curve of nonsaponifiable material
isolated from fats containing the toxicity. The use
of ultraviolet absorption as a method of screening
suspect fats was not practical at the mill level be-
cause of the cost and complexity of the equipment
needed.

THE ust of quantitative chromatographic separa-
tion of the hydrocarbon portion of nonsaponifi-
able material and the weighing of this portion was
also feasible. However the method was time-consum-
ing, which meant that only those plants having facili-
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Fia. 2. Ultraviolet absorption curve of 3,5-cholestadiene.

ties to store tank cars of fat some little time could
use the method (14).

A simpler chromatographic method in use in a
number of plants now consists of passing a weighed
amount of fat in Skellysolve F through a fixed amount
of alumina. The colorless filtrate contains most of the
hydrocarbons but no cholesterol. An aliquot of this
filtrate is evaporated to dryness, dissolved in chloro-
form, and subjected to a Liebermann-Burchard reac-
tion. At the mill level the green color produced is
compared to a nickel sulfate standard, and all fats in
which the color produced is darker than the standard
are biologically tested before use in feed manufacture.

It must be emphasized however that the hydrocar-
bons isolated by either chromatographic technique are
nontoxic in themselves. It is a ‘‘guilt by association”
sort of thing as large amounts of hydrocarbon have
been found in fats containing the toxie principle from
the field. When the chrematographic procedures are
applied to hydrolyzed fats, the hydrocarbon values
found are always somewhat higher than for animal
fats. The extent of these differences is shown in
Table I. Biological testing has shown that the hydroly-
sis procedure as normally applied does not produce
the toxic factor.

Research aimed at the second objective of identify-
ing the toxic principle is still going forward at this
time, and much progress has been made. A recent
paper by Brew et al. (14) states that chromatographic
procedures have been studied which are capable of
concentrating the toxic factor at least 3,200 times.
At a level of less than 2 p.p.m. in the diet the toxic
factor is detectable by biological tests.

Figure 3 shows the preliminary chromatographic
procedure used by Brew and co-workers in the sep-
aration of toxic fractions from the nonsaponifiable
portion of fats containing the toxicity. The 0.75%
ether fractions from Step IT and Step 11T when fed
at a level of 0.0125 and 0.005%, respectively, caused
100% hydropericardinm and ascites symptoms and

TABLE I
Hydrocarbon Con*ent of Various Fats
. Diene Total Optical® B
Material hydrocarbon hydrocarbon density
% Yo

Nen-toxic fats.... 0.001-0.003 0.05-0.15 0 -0.06
HydronZed fats. 0.02 —0.10 0.10—-0.50 0.01-0.25
Toxic fats 0.70 -2.0 1.7 ~6.6 0.6 —1.9

2 1lem., 625 my.
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mortalities of 100 and 88%, respectively, in chicks
during the test period of two weeks.

Several modifications of the basic chromatographic
method have resulted in more nearly quantitative
recovery of the toxic fraction. One modification con-
sists of removing all material forming urea adducts
before further fractionation on silica gel. This pro-
cedure will remove 10% of a nontoxic material from
the active fractions.

The use of molecular distillation has resulted in
enriched fractions but no pure material of a toxic

CHROMATOGRAPHIC Fat (1300 g.)
-PROCEDURE
Unsap. (80 g.)
1- Aluming '
[ T
100% Skelly -F 10% Ether (6a.) 100% Ether

It Silica Gel

[ ]
0-3/4% Ether (0.5 g.) > 3/4% Ether

i Silica Gel
1
0-3/4% Ether (0.1 g.) > 3/4% Ether

F1e. 3. Preliminary chromatographiec separation procedure
used in isolating toxic principle from ecertain processed fats.

nature. When the whole fat is distilled, the greatest
activity is in the same cuts as the sterols, that is,
early but not the first cut (14). When nonsaponifi-
able material is molecularly distilled, the greatest
activity is found in the still residue. This would
indicate a fairly large molecule, and this is verified
by mass spectrographic data which indicate a mo-
lecular weight of 366 for the major fraction. The
ebullioseopic method gives a molecular weight of 300
=+ 15. No explanation can be given at the present
time for the difference in molecular weights by the
two determinations.

URTHER treatment of highly concentrated chroma-

tographic fractions with Girard T reagent, fol-
lowed by phthalic anhydride separation, indicated
that the activity could be concentrated into the non-
ketonie, nonalcoholic fraction. This comprises about
65% of the most highly concentrated chromatographic
fraction.

Infrared absorption curves of consecutive chroma-
tographic fractions (Figure 4) show baids near 6 2.
12.2, 12.8, and 13.5 u. These bands are suggestive of
a hydroecarbon similar to 1,2-disubstituted naphtha-
lenes but are not identical to any compounds of this
type for which curves are available. Fractions A and
C are less toxic than B.

These particular fractions were not clean-cut, and
the spectra shown no doubt are a result of a mixture
of compounds. Near infrared data indicate methyl
groups, probable methyl branching, and internal un-
saturation.

The ultraviolet spectrum has a peak at 230 and 255
mu and a small peak at 323 mp that is not typical of
substituted naphthalenes or phenanthrenes. The ultra-
violet spectrum indicates only one aromatic ring in
the major component.

The toxic concentrates from chromatography give a
weak Liebermann-Burchard test. The color resulting
from the Liebermann-Burchard test is known to vary
with struetural differences.

The refractive index was found to be 1.5429, and
the same fraction had an optical rotation of + 15°.
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F1a. 4. Infrared absorption curve of toxic principle isolated
by chromatographic procedures,

However the concentrate was known not to be a pure
compound so these values are only indicative of gen-
eral structures.

The material toxic to chickens does not show corti-
cal steroid hormone activity. The test animals were
adrenalectomized rats, and a modified Kagawa test
was used in the assay.

Brew et al. (14) concluded on the basis of informa-
tion available that the toxie material is probably a
result of the alteration of cholesterol to a hydrocarbon
compound or series of hydrocarbon compounds with
some oxidized forms possibly having toxic properties.
The molecular weight from mass spectra data indi-
cates that a cholestatriene isomer could possibly be
the toxie compound. However further work on the
structure of the toxic compound is necessary before a
final decision can be made as to the exact structure of
the toxic material.
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In summary, the following points may be empha-
sized: a) the toxic material is found only in certain
lots of fat subjected to special fat processing opera-
tions and fat per se is not involved in the toxicity;
b) steps have been taken by the feed industry to
prevent the incorporation of fats containing the toxic
principle into feedstuffs. At the same time research
is being carried on to determine the structure of the
toxic material so as to enable the feed industry to
have a more precise control over fats destined for
vse in animal feeds. The research work on this prob-
lem has been an excellent example of cooperation
between industrial, university, government, and pri-
vate laboratories.
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A Study of the Continuous Production of Mayonnaise

FRED H. SMITH, The Torresdale Company, Elkins Park, Pa, and LANCELOT H. REES,

Manton-Gaulin Manufacturing Company, Everett, Mass.

VER THE PAST TWO DECADES all aspects of the vege-
table oil industry have been transformed slowly
from an assembly of batch processes, wherein

operator experience played a key role, into a mech-
anized industry of truly continuous and automatic
operation. This trend has been particularly marked
in the areas of oil extraection, refining, deodorizing,
and in the finished-product lines of margarine manu-
facture. Mayonnaise production however has been
somewhat slower in following this trend although the
elements of fully continuous operation have been
available for some time.

During the late ’30’s mayonnaise manufacturers
began to use the colloid mill as a means of speeding
up the final fixing of the mayounaise emulsion. Since
that time essentially all the major producers have
switched to this equipment, and its value is now well
established. Even so, the blending of mayonnaise
base and its preparation for continuous milling have
remained a batch system in most operations through-

out the eountry. This blending is considered an art,
jealously protected, but nearly every plant will ad-
mit that a good product is made ‘‘most of the time”’
with occasional breakdown of the emulsion into a
complete liquid system without apparent reason.

In an attempt to develop a truly continuous plant,
from metering the basic raw ingredients to the final
milling, a cooperative program has been set up be-
tween the Torresdale Company of Philadelphia and
the Manton-Gaulin Manufacturing Company of Ev-
erett, Mass. This paper should serve to outline .the
problems and the methods used to establish proper
solutions. Basically there are three problems.

First, all materials must be metered accurately
in spite of changes in physical properties. Moisture
in the air must not affect metering rates of dry in-
gredients, viscosity must not affect oil flow rate, and,
most important, emulsmn stiffness must not alter
transfer of uniform product-welght from point to
point in the proeess.



