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ble. Presumably, by interpolation, one might expect
the effects of certain dicarbonyl compounds as pro-
oxidants t o be more manifest in a bottled or bulk oil
at room temp than in the same oil in a relatively thin
l a y e r at 57C.

According t o Uri (21), a compound may act as a
pro-oxidant if it is converted in any m a n n e r to an
unstable free r a d i c a l w h i c h can add oxygen t o form
a peroxide radical w h i c h accepts hydrogen from an
unsaturated fat ty acid t o initiate a c h a i n reaction.

It seems odd that the thickness of layers or A01V[
stabilities of oils had little effect on the time required
for those oils to become r a n c i d when the pro-oxidants
were a d d e d t o them. Examination of F igu res 1, 2
and 3 shows that control oils decreased considerably
in stability in the Scha l l Oven Test with decreasing
layer thickness or AOM stability. However, oils con-
t a i n i n g a certain pro-oxidant had approx the same
measured rate of oxygen absorption. One might ex-
pect that dependency of the pro-oxidant action of the
dicarbonyl compounds on the presence of oxygen
would result in a diminished pro-oxidant effect in
thicker layers of oil of h ighe r AOM stability.

We have no suggestions t o offer at present t o ex-
p l a i n mechanisms of pro-oxidant activity encountered,
but it was thought worth while t o present this paper
in order to disclose that certain compounds related in

structure t o dehydro reductones may act as pro-oxi-
dants in vegetable oils at temp of 57C or less.
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Chromatographically Homogeneous Egg Lecithin as
Stabilizer of Emulsions for Intravenous Nutrition
H. J. ZER~NGUE, M. L. B R O W N and W. S. SINGLETON, Southern Regional
Research Laboratory,3 N e w Orleans, Louisiana

Abstract
Physically stable emulsions of cottonseed and

soybean oils at 20% concn were prepared with
chromatographically homogeneous egg lecithin at
1% cohen as the sole emulsifier, and a 2.5% solu-
tion of glycerol as the aqueous phase. The physical
stability of the emulsions was a function of the p H
of the product, optimum p H 6.6-6.8. Aqueous so-
lutions of dextrose and sorbitol decreased in p H to
4.8 when autoclaved, regardless of p r i o r adjust-
ment of p H t o as high as 8.5, and emulsions in
which these solutions were used as the aqueous
phase exhibited phase separation. There was no
significant decrease in pH, and no phase sepa-
ration, in emulsions which contained glycerol
solution as the aqueous phase. It appears that
glycerol is superior to dextrose as the isotonic
agent in lecithin-stabilized emulsions for intra-
venous nutrition.

Particle sizes and t h e i r distribution in lecithin-
stabilized emulsions of cottonseed and soybean
oils were determined by means of a Coulter
Counter. Approximately 99% of the oil in these
emulsions was dispersed as particles whose diame-
ters were no la rge r than 5 t~.

Introduction

F AT EMULSIONS for intravenous nutrition have been
widely proposed, as nlay be noted in the extensive
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review by Geyer (3). The emulsifying systems of
many of these proposed emulsions include phospha-
tides, the majority of which are soya phosphatides,
although egg phosphatides also have received atten-
tion. Schuberth and Wretlind (5) described the use
of egg phosphatides as the emulsifier for a soybean oil
emulsion and present physiological results which they
obtained; however, the phosphatides used were im-
pure, since the analytical results given are not theore-
tical for phosphatidylcholine. In an investigation of
highly purified egg phosphatides, principally lecithin,
as the m a j o r component of an emulsifier system for
the preparation of fat emulsions, Yeadon et al. (9)
concluded that purified egg lecithin was not an ef-
ficient emulsifier, particularly with respect to auto-
claving stability. These workers f o u n d that certain
additives t o the lecithin emulsifier system enhanced
its effectiveness, but do not give any explanation for
this effect.

Phospholipids are naturally occurring components
of body fluids and tissues, and therefore it seems very
reasonable t o use a pure n a t u r a l lecithin as the
emulsifier for intravenous fat emulsions. Recently,
a r a p i d method for purifying egg phosphatides by
colunm chromatography has been published by this
Laboratory (7), and chromatographically homogene-
ous lecithin has been investigated as the sole emulsifier
in fat emulsions. This report presents the results of
that investigation. It should be clearly understood
that the described emulsion at this time is intended
only for experimental use in animals. Such tests are
underway at other institutions.
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Materials and Methods
Emulsifiers. The emulsifiers were 1) chromatogra-

phically homogeneous phosphatidyleholine (lecithin),
which was obtained by the chromatographic f rac t iona-
tion of c rude egg phosphatides on a column of alu-
mina; and 2) the remainder of the c rude egg phos-
phatides from which the lecithin had been removed.
Emulsifier (2) has been termed the "cepha l in" frac-
t ion , although o t h e r components were present. The
chromatographic fractionation o f the c rude egg phos-
phatides i~ described in a previous publication (7).

Oils. Cottonseed oil (free fa t ty acid ( F F A ) content
0.05%, I.V. 10.5.6) was a refined, bleached, winterized
and deodorized oil, specially selected fo r resistance to
oxidation, obtained from the Southern Cotton Oil Co.
The same type of oil has been used in an emulsion
which is described in a previous publication (8).

Alkali-refined soybean oil (FFA content 0.03%, I.V.
129.1), was obtained from A r c h e r Daniels Midland Co.
This oil was deodorized a t 210C for 0.5 h r a t a pres-
sure o f 1 ram; citric acid (0.005%) was a d d e d as a
stabi l izer a f te r deodorization.

Preparation of Emulsions. The eoncn of oil in all
of the prepared emulsions was 20 w/v . A solution of
the emulsifier in a minimum volmne o f absolute etha-
nol was a d d e d to the required amount o f oil, and the
ethanol then was removed a t reduced pressure by
warming the oil phase to ca. 50C. Traces of ethanol
remaining would cause no difficulty. This method
was preferred to the direct dispersion o f lecithin in
oil by hea t ing the oil phase to ca. 90C, and rapidly
s t i r r ing .

The isotonic aqueous phases of the experimental
emulsions were 2.5% solutions of glycerol, o r 5%
solutions o f dextrose. The aqueous phase was warmed
to 50-60C, and the oil phase, warmed to a p p r o x the
same temp, was added to the aqueous phase. The sys-
tem was st i r red with a Series 200.0 Standard Premier
Laboratory Dispersator fo r 5 rain a t 3700 rpm to
produce a c rude emulsion. During the st i r r ing pe-
r iod , 0.1N NaOH was added to the c rude emulsion
to a d j u s t the p H to 6-7. The crude emulsion was
homogenzied at a n appl ied pressure of 3500 psi in
a 2-stage Superhomo, Cherry-Burrell Co. Af t e r the
four th cycle of the emulsion t h r o u g h the homoge-
nizer, 0.1N NaOH was a d d e d if necessary to read-
just the p H to between 6.5 and 6.8. The emulsion
then was cycled t h r o u g h the homogenizer fou r more
t imes , a n d the p H was adjusted to 6.8. The particle
sizes o f the emulsion were observed microscopically
with an oil immersion lens (950x), a n d homogeniza-
tion was considered to be completed if essentially all
o f the observed particles were less than 1 ~ in diam,
and there were no particles over 7 ~ in diam.

As a n example of the changes in the p H of an emui-
sion dur ing a typ ica l p repara t ion , the p H of a c rude
emulsion was 5.4, and was adjusted to 7.0; a f te r
fou r cycles of homogenization, the p H had decreased
to 6.1, a n d was readjusted to 6.8. The p H remained
constant a t 6.8 with additional homogenization.

Af t e r homogenization, the emulsion was bottled in
500 ce intravenous solution bottles, and sterilized in
a s t e a m autoclave a t 110C for 10 rain , or a t 117C for
15 rain . The bottles of emulsion were removed from
the autoclave and cooled a t 4C on a mechanical roller.

Stability Test. The relative physical s tabi l i ty o f the
various emulsions was determined by mechanical shak-
ing a t room temp, followed by measurement of the
amount of phase separation. This shaking procedure
is described in a previous publication (8).
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Particle Size Distribzttio~¢. A Coul te r Coun te r was
used to determine the distribution of particle sizes,
as described in a previous publication (6).

Surface Tension. A Cenco-duNuoy Direct Reading
Tensiometer was used to measure the surface tension
a t 25C of emulsions.

Results and Discussion
Effect of p H on Physical Stability of Lecithin-

Stabilized Emulsions. The init ial emulsion in which
lecithin was used as the sole emulsifier contained 1.2
w/v of the lat ter , 20% of soybean oil, a n d a n isotonic
solution of dextrose as the aqueous phase. No at tempt
was made to control o r a d j u s t the p H of this system,
which was 5.5. Upon homogenizing this emulsion, a
very foamy produc t was formed, and the majority of
oil particles were fairly large in diam (ca. 2 t~)- P h a s e
separation occurred dur ing autoclaving, a n d the p H
of the separated emulsion was 4.9.

When a 2.5% solution o f glycerol was used as the
aqueous phase of an emulsion which was identical in
all o t h e r components to t h a t above, with no ad-
jus tment of pH, the emulsion did not exhibit phase
separation upon autoclaving, b u t there was some coa-
lescence of oil particles which resulted in a genera l
increase in particle sizes.

The effect of ad jus tment of the p H of lecithin-
stabilized emulsions on their physical s tabi l i ty was
determined by prepar ing two emulsions, one of which
contained a 5% solution of dextrose, a n d the o t h e r
a 2.5% solution of glycerol, as the respective isotonic
aqueous phases. The p t I o f portions o f these emulsions
was adjusted e i the r with 0.1N NaOH o r with 0.1N
HC1, to provide a series of emulsions in which the p H
values var ied from 3-8. The emulsions in which the
p H was decreased to less t h a n 5.0 separated into two
phases within a mat ter of minutes, wi thout regard
to the composition of the aqueous phase. There was
no phase separation in those emulsions in which the
p H was 5.0 or above, and these emulsions then were
autoclaved a t 110C for 10 rain . All of the emulsions
in which dextrose solution was the aqueous phase
showed oil separation when removed from the auto-
clave, regardless of the p H of the emulsion pr ior to
autoclaving. The p H o f the unstable emulsions de-
creased to a p p r o x the same value, 5.0 __+ 0.2.

Those emulsions with p H values of 5.0 and above,
with glycerol solution as the aqueous phase, showed
no separation af te r autoclaving, a n d there were no
significant differences between the p H values of the
emulsions before and af te r autoclaving.

The decrease in the p H of autoclaved lecithin-
stabilized emulsions in which solutions o f dextrose
were the isotonic aqueous phases was investigated to
determine whe the r the decrease was due to the char-
acteristics of dextrose, to the hydrolysis o f lecithin, or
to an interaction between lecithin a n d the oil phase
of the emulsion. Solutions of 5% dextrose, of 5%
dextrose buffered with 10% phosphate solution, o f
2.5% glycerol and of 5% sorbitol were prepared.
Also, two emulsions were prepa red , one emulsion
stabilized with 1.2% of lecithin, with dist i l led wate r
as the aqueous phase, and the o t h e r with 1.2% of
the "cepha l in" f rac t ion , with a 5% solution of dex-
trose as the aqueous phase. The p H of the solutions
and o f the lecithin-stabilized emulsion was adjusted
to 6.4-7.0, and the various samples then were auto-
claved a t l l 0 C for 10 rain . When cooled to 25C, the
p H was measured. The results are given in Table 1.
The p H of both the dextrose and sorbitol solutions
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TABLE I

Change of pH of Various Samples After Autoclaving

Composition of
sample

Sol. of5 % dextrose (under nitrogen)
SoL of5 % dextrose, phosphate buffered
Sol. of 2.5% glycerol
Sol. of 5% sorbitol
1.2% lecithin 20% soybean oil to

100 % with distilled water
1.2 % "cephalin" 20 % soybean oil t o

100% with 5% sol. of dextrose

Original
pH

5.2
7.0
5.5
5.3

5.1

7.8

Adjusted
pH

6.4

6.8
7.0

6.4

pK after
auto-

claving
at 110C

4.8
63
6.5
4.8

6.4

7.1

decreased approxinmtely t o the same value, whereas
the glycerol and buffered dextrose solutions, and the
emulsion with distilled w a t e r as the aqueous phase,
showed but little change in pH. T h e r e was no phase
separation in the latter emulsion. Also, the cephalin-
stabilized emulsion, which contained a solution of
dextrose as the aqueous phase, showed no phase sepa-
ration. The eephalin, because of its basic nature, ap-
parently buffered the emulsion, similar t o the buffer-
ing action of phosphate in the solution of dextrose,
and prevented a large decrease of pH, and phase sepa-
ration, such as occurred in emulsions which contained
lecithin and dextrose.

The effect of the time of h e a t i n g as one of the fac-
tors responsible for the decrease in p H of solutions
of dextrose was determined by preparing a 5% aque-
ous solution of dextrose, heating the solution t o 100C
for pre-determined times, and measuring its p H
a f t e r cooling to 25C. The p H of the solution, which
originally was 5.8, decreased in the following m a n n e r :

Min at 100C p H

0 5.80
2 5.32
4 5.02
6 4.90
8 4.90

10 4.88

The maximum decrease in p H of a solution of dex-
trose apparently required several nfinutes at an ele-
v a t e d temp, such as would be the conditions d u r i n g
the autoclaving of an emulsion.

The inability of lecithin to stabilize autoclaved
emulsions in which the aqueous phase was a solution
of dextrose confirmed the results obtained with a
similar emulsifier system and with a similar aqueous
phase, as reported by Yeadon et al. (9). The phase
separation observed in the present investigation was
due to the p H of the emulsion system as influenced by
the dextrose solution which comprised the aqueous
phase, and not to a lack of emulsifying efficiency of
lecithin. One explanation of the inability of lecithin
t o prevent a decrease in the p H of the enmlsion may
be f o u n d in the report of Jukes, which states that
solutions of lecithin have no buffering" power within
the physiological range (4). This is accounted for by
the fact that lecithin is internally neutralized through
reaction between a strongly acidic g r o u p and a
strongly basic group. Lecithin, with its quaternary
choline g r o u p (strongly basic) has no pKA v a l u e on
the alkaline side. Cephalin, on the other hand, with
its t e r n a r y ammonia group, does have a pKA v a l u e on
the alkaline side (ca. p H 9). Thus cephalin has buf-
f e r i n g ability against H÷ in the physiological r ange .
Cephalin-stabilized emulsions did not decrease in p H
t o a grea t extent, even though prepared with a solu-
tion of dextrose as the aqueous phase. It appears
that solutions of dextrose cannot be used as the aque-
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FIG. 1 . Relative volume of dispersed oil (%) in enmlsions
of cottonseed oil (open circles) and of soybean oil (closed
circles) above the stated par t ic le diam from 1-10 /~.

ous phase of emulsions for intravenous nutrition in
which egg lecithin is the emulsifier, but that a solu-
tion of glycerol is entirely satisfactory.

Opt imum p i t . The optimum adjusted p H of leei-
thin-stabilized emulsions was determined by prepar-
ing a series of emulsions in which the p H was adjusted
in the range 6-8, and ineasuring the surface tension of
these emulsions. The results are as follows:

p H of emulsion, surface tension at 25C,
adjusted dynes/era

6.0 42.O5
6.5 32.20
6.6 30.80
6.8 30.00
7.0 40.40
8.0 41.60

The surface tension of these emulsions decreased
sharply within a n a r r o w range of pII, then just as
sharply increased. It would appear that as the p H
v a l u e approached 6.8 the lecithin was more hydro-
philic, which accounted for the lower surface tension.
The lowest surface tension occurred at a p H of 6.6-6.8,
which may have significance with the isoelectric point
of lecithin of 6.7 ± 0.2, as reported by Chain and
Kemp (1). The theoretical isoelectrie point of leci-
thin is 7.5, as reported by Fischgohl and Chain (2).
The measured value of 6.7 is attributed by Chain and
Kemp to the r a p i d and spontaneous decomposition of
lecithin, by which fat ty acids are liberated.

Emuls i f ier Co'~ce~Hration. Enmlsions with a soy-
bean oil content of 20 w/v were prepared with lecithin
as the enmlsifier at conch of 0.4, 0.6, 0.8, 1.0 and 1.2
w/v, with isotonic solutions of glycerol as the aqueous
phase, and with the p H adjusted to 6.6-6.8. These
emulsions were shaken mechanically for 15 min, then
observed for physical stability. Phase separation oc-
c u r r e d in those emulsions in which the content of
lecithin was 0.8% or less, with the least amount of
separation in the enmlsion with 0.8% of lecithin.
There was no phase separation in the emulsions which
contained 1.0 and 1.2% of lecithin. A lecithin con-
tent of 1.0% seemed t o be adequate as an emulsifier
for the preparation of emulsions of 20% of oil.

Particle Size and Size Distrib~Hiom Emulsions of



OCTOBER, 1964 ZERINGUE ET AL. : EGG LECITHIN AS STABILIZER OF EMULSIONS 691

cottonseed o r o f soybean oils a t 20% eonen were pre-
pa red in which lecithin a t 1% concn was the emulsi-
fier, and a 2.5% solution o f glycerol was the aqueous
phase. The p H of these emulsions was adjusted to
6.8. Fo r a conlparison between the two emulsions,
the number of dispersed oil particles of stated diame-
ters from 1-10 ~ were determined, and the volume of
dispersed oil in the form o f particles of stated diame-
t e r was calculated. These calculated volumes are rela-
tive ra the r than absolute, since particles of less than
1 g in diam have not been taken into account. They
do provide, however, a basis fo r the comparison of
emulsions. The results of the particle size d is t r ibu-
tional analysis are plotted in Figure 1. In both emul-
sions, only 1% of the relat ive volume of dispersed oil
was in the form of particles whose diam was more
than 5 I*, a n d ca. 0.5% of the volume consisted of
particles more than 7 /, in diam. The soybean oil
emulsion appeared to have a smnewhat larger volume
of oil in the form of particles o f 1-2 /~ in diam than
did the cottonseed emulsion, although both emulsions
were desirably low in the volume of oil dispersed as
particles o f large diameters (7-10 /,).

A n i m a l Testing. The described emulsion has been
experimentally evaluated in animals only in a pre-

liminary manner, and results are not conclusive as
yet. Limitations to use o f the emulsion in experi-
menta l animals only is strongly recommended.

F o u r rats received 4 ml of the emulsion/100 g of
body wt, daily fo r 15 days, administered by int ra-
venous inject ion through the tail vein. Results of
these injections were as follows: tail necrosis, none;
hemoglobin, --6.2% ; red blood cells, --7.7% ; body wt,
+11.9%; food intake , --17%; physical activity, good;
mortal i ty , none. Complete results of more extensive
testing will be repor ted b y others at a la te r date.
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Determination of the Glyceride Structure of Fats: Anomalous
Features of the Seed Fat of Bitter Gourd (Mornordka ckarantia)
M. R. SUBBARAM,s M. M. CHAKRABARTY, a C. G. YOUNGS and B. M. CRAIG, National Research
Council of Canada, Prairie Regional Laboratory, Saskatoon, Saskatchewan, Canada

Abstract
Glyceride composition of the seed fat of Mo-

mordica charantia has been determined by gas
liquid chromatography (GLC) of oxidized esteri-
fled glycerides. Stearodiunsaturated glycerides
form ca. 80% of the t o t a l glyccrides. Values ob-
ta ined b y the above method agree closely with
those obtained by Y o u n g s ' (8) method. However,
there is a wide var ia t ion between the present re -
sults and those calculated according to Vander-
W a l (5) frmn lipase hydrolysis d a t a . Possible
reasons fo r this anomalous glyceride pat tern are
discussed.

Introduction

C tIAKRABARTY ET AL. (1) studied the fa t ty acid com-
position of some seed fats of the Cueurbitaceae

family, a n d distinguished two definite trends. Some
members such as the melons a n d pumpkins had a
simple fa t ty acid composition containing only oleic
and linoleic acids as unsaturated components, while
others such as snake gourds and b i t t e r gourd (Mo-
mordica charantia) contained, in addition, consider-
able proportions of conjugated tr iene acids. V e r m a
and Aggarwa l (6) also repor ted the presence of ca.
50% a-eleostearic acid besides stearic, oleie and l ino-
leie acids in the seed fat of Momordica charantia.
During the course of a n investigation on the glyceride
structure of fats both by the methods of Youngs (8)
a n d Youngs and Subbaram (9), we had occasion to
examine the seed fat of Momordica charantia. In the
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present p a p e r results o f glyceride analysis of t h e fat
are presented. The percentages of glyceride types
and isomeric forms calculated according to Vander-
W a l (5) from l ipase hydrolysis data are also given
a n d compared with the values obtained experimen-
ta l ly .

Experimental
Extraction of ihe Oil. The oil was extracted from

the seeds by the method described by Troeng (4).
The extract was fil tered through a bed of celite, the
residue washed with Ske]lysolve F and the solvent
removed u n d e r reduced pressure. The yield of oil
was 29.6%. The oil was preserved as a 0.1% solution
in Skellysolve F in the dark.

Preparation of M e t h y l Esters. Ca. 20 nag o f the
oil was added to 5 ml of a solution containing 250 mg
potassium hydroxide in 80% v / v ethanol. The mix-
ture was kept a t room temp for 12 h r a f te r which
it was di lu ted with 95 ml water . The soap solution
was t ransfer red to a separatory funne l a n d extracted
twice with e t h y l e t h e r to remove unsaponifiab]e mat-
ter . It was then acidified with 5 N hydrochloric ac id .
Af t e r sa tu ra t ing the aqueous solution with NaC1, the
fa t ty acids were extracted with three 50-ml portions
of e t h y l ether. E t h e r was removed u n d e r v a c u u m in
a rotary evaporator. The res idua l fa t ty acids were
esterified with a n ethereal solution of diazomethane.

Determination of F a t t y Acid Composition. The
methyl esters were analyzed by GLC using both fluori-
n a t e d silicone and polyester columns. An F & M,
Model 500, temp programmed gas chromatographic
unit with thermal conductivity detectors was used to
analyze the esters on the silicone column. The methyl
esters were separated into C16, Cls and eleostearates


