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CHAPTER: I
INTRODUCTION

It is difficult to.overstate the importance of emulsifiers in the.
formulation of cosmetics, soaps, paints, .and petroleum.products, Fur-
thermore, thg economic benefit of emulsifiers has been demonstrated by
the incgeasadfnumber,of new products, which have ‘appeared in.aerosol cans,
ineluding such products as hair sprays, insecticides, shaving creams,
cheese spreads, and whippedvtoppings.- In fact, natural or artificial-
emulsifiers are used in nearly all procéssed‘foods.; These compounds are
largely responsible for the smoother textured ice:creams'and breads

l'in_

ﬁhich have appeared.in recent years, -and the.development of many
stant" powdered products may be-attributed to improved.emulsifier tech-
nology. - Thg'more successful of such products include instant breakfasts,
powdered cheesehdips,.instant'powdered.milk, coffee creamers, &essert
toppings, meat .sauces, and‘instantized potatoes.

| Thg~selection ofmemulsifieré for particular products, however, has
been primarily a matter;of-"pnialland error.'" Unfortunétely! this time-
consuming approach has been ﬁecqssary because of the limited knowledge
concerning emulsifier mechanisms, ~ For example, it has been reported that-
two or more emulsifiers together work better than one at the same usage
level, but.the mechanismi of this positive synergistic*effectnis not
understood, - Such knowledge could lead to better utilization of present

emulsifiers and.contribute to the development of new ones,



The Food and Drug Administration has established maximum usage-
levels for edible emulsifiers.in many food produ¢ts,.but little infor-
mation is available déscribing the separatién of an emulsifier from an
oil-emulsifier mixture. Therefore, development .of .a procedure.to meas-
ure the quantity of emulsifier in a food shortening would enhance more
rigid enforcement of government regulations and allow better product-
control by the food manufacturer.

In summary, emulsifiers are important to many industries, but-their
use in the food field has begn complicated by limited knowledge. Addi-
tional knowledge about the measurement of emulsifier effectiveness, con-
ditions of synergism, and the isolation of these. compounds from a fat-
emulsifier mixture could contribute to a better understanding of emul-
sifiers and increase their usefulness.,

Thus, the objectives of this research were: - (a) to develop a pro-
cedure for measuring the stability of emulsified oil-water emulsions,
(b) to measure.the magnitude of synergism when a single emulsifier is
replaced by a binary system, (c) to develop a procedure.for the separa-
tion and measurement of ‘an emulsifier from an.oil-emulsifier mixture,

and (d) to compare emulsifier concentrations at an oil-water interface.



CHAPTER  II-
LITERATURE; REVIEW
Emulsion Terminology

The-definition of an emulsion varies among authors (2; 24), but®
most definitions are based on the concept of "stability" between two or’
more dispersible phases. In~thiS'study,rSuthéim's (24) term "emulsion
stability" will be used to designate the ability of an oil‘'phase and a
water phase to remain_dispersed'withinneach,otherf‘ An emulsifier will
include any.compound.which promotes emulsion stability and has-the prop-.
erty of being soluble in.botﬁ phases of .an oil-water mixture (2, 24).

The region existing between any two phases (oil, water, or.air) will be
designated-és an interface (2),

A large number of substances péssess emulsifying properties, but
only a few compounds. are approved for food use by the Fooed'and Drug Ad-.
ministration (5; 16). Buddemeyer EE.El:'(S) reported that the most
widely used compounds-today are monoglycerides, lactated monoglycerides,
sorbitan:monosterate,,polyoxyethylgne'sprbitan monostearate, and stearyl-.
2-lactylic acid, The: fatty acid estef Ef these compounds can be varied
to change the solubility characteristics of the parent.emulsifier type:
(1). In this.way, a sorbitan parent type may beimade,more,lipophilic by,
increasing the proportion of saturated long chain.fatty acid. Converse-
1y; decreasing the carbon lepgth of the -side chain would;increase:the

molecule's water solubility. Another variable-is the degree of satura-



tion in the side chain ester (1), where saturated side chains have been
recommended for saturated-oil phages of an emulsion and unsaturated side
chains for systems containing unsaturated oils (1).

According to Griffin (12), the solubility-of.an emulsifier molecule
in water and oil simultaneously may be expressed as its HLB (Hydrophile-
Lipophile Balance). This measuremenf'ranges,from»l—ZO, depending on.the
ratio of the solubility of the molecule's water soluble portion to its
fat soluble-portion (1). Emulsifiers‘'having essentially equal hydro-
philic andllipophilic portions would possess FLB,numbers between 9.0 and-
11.0. On this same 20-point scale, an emulsifier's HLB rating would in-
crease from 11.0 toward'Z0.0_as its hydrophilic portion increased. In
.a similar manner, the HLB value for. an emulsifier would decrease from
9.0 toward zero as.its lipophilic portion .increased. According to the.
manufapturer (1), an HLB range of.4.0 to 9.0 -is recommended for promoting
water in oil (w/o) emulsions that exist in.many food systems, Similarly,
an HLB range .of 11.0 to 18.0 has been recommended for foods having an
0il in water (o/w) emulsion system (1),

Until recently, the selection of the best HLB number for;a particu~
lar fat-water food system had -been.primarily by trial and error. In
1968, Titus;gggg;, reported a simplified procedure for selecting the
emulsifier HLB to obtain maximum emulsifier efficiency in a food. emul-
gsion system. This:research was based.on the sﬁability of model oil-water
emulsions containing emulsifiers with HLB values between,S.O and 13.0.
The'results demonstrated'thelimporténge“of;matching HLB: value .and emul-
sifier ameunt.with the partigular fat—water ratio of the food in‘ques-
tion, - The practicality of the:workvwas'shoanbyithe obserbation?thatg

white cakes made with milk-fat shortenings had the largest volumes when



their optimum emulsifier HLB and usage*le&el‘weré determined using this
emulsion stability data.

vThe combination of.a low and a high HLB emulsifier will produce a -
mixture.with.an-intermediate?HLB value representing the proportion at |
which the individual compounds.were used. Similarly, the use of two.
or'more”emulsifiers is suggéstedﬁby‘mostvwbrkers\in order ‘to obpain.a~
superior emulsifier system (1, 16).. Buddemeyer-et.al. (S)Irepo%ted"that7
emulsifier combinations, yielded cake~volumes'greétervthan volumes. pre-
dicted by adding the single effects of each emulsifier separately. It-
is important, however, to account.for the influence of severai-qther
factors when reporting synergistic results obtained by mixing different.
emulsifier types. . For example, mixtures of sorbitan esters with mono- .
or diglycerides or lactated glycerides have been compared to one another
with 1ittie or no attention being given.to the resulting HLB or the.
total proportion of fat present (5). Other considerations, such as how
the numbef,-length; and degree of saturation of fatty acid side chains
influence the emulsifier's performance in a particular product, have
been reported by Knightly and Klis (14). -

In addition to surface-active.agents, other .factors like tempera-
ture, micelle size, and viscosity directly influence the stability of an
emulsion (2, 24). . These observations support Becher's (3) report that
emulsion stability is.the result of three factors: (a) reduction of
interfacial tension between the phases; (b) formation of rigid inter~
facial films; and (¢) formation of an electrical double layer. Yet,
some researchers do not accept this as an adequate explanation for re~-
ported~inér¢ases in emulsion stability when mixtures of two or more

emulsifier agents are used at.the same concentration as-a single com-



pound " (positive synergistiC’efiect).iﬁ'food‘prqducts;, For example, in
1961, Daviés:and'Rideal (8) .proposed . that water mdlecules on.the aqueous:
side -of .a lipid-aqueous interface could form a rather rigid layer approx-
imately 10 X-thicki. They described ‘the layer :as "soft ice' having the
consistency of toffee or butter. In 1964, Davies (7) suggested that this
layer -was composed of water molecules oriénted about, polar lipid heads
situated at the interfacial region. Therefore, -the stability . of .an o/w
emulsion could. be promoted by strongly hydrated compounds like emulsi-
fiers, This was due to adsorption of the non-polar portion of the emul-
sifier molecule into the lipid phase, which increased the fraction of
interface covered by the polar heads. Thg feSulting~1aXer of hydration
formed about the polar heads would inhibit:coalescing by preventing_in_ 
tgrfacialicpntact amqng:thé fat globules (micelles). But Black (4) at-
tributed the emulsifier synergism (such as that observed.in cake volumes)
to be:the formation of smaller fat micelle size rather than the formation
of a more stable interfacial;film. Another?hypqthESis'was»advanCed by
Schulman andSCockbain'(23);'who‘suggested that stereochemical arrange-
ments permit, tighter molecular packing at the interface, thus increasing.
thé number of polar groups'avéilable for hydration ("condensing effect'
hypothesis), This explanation may be .supported by the observations of-
many~reseéfchers on liquid-air interfaces formed in a Langmuir Trough
(10, 11, 12). In this manner, Dervichian-(9) observed a reduction in

the total area (condensing effect). covered by a one-molecule-thick
lecithin film when cholesterol.was added. This work suggested that in-
ter—molecﬁlar asséciatiqn caused.a more compact. molecular structure in.a

lecithin-cholesterol film than had;existed for lecithin alone. .



Emulsifier Quantitation

- In.1969, Sahasrabudhe and Chadha (19) reported the identification
aﬁdfquantitatiye estimation.of -individual mono- and di~ fatty acid.
esters ‘(palmitic, staaric,’apd‘oleic_acids)‘of*sorbitol, 1,4=sorbitan
and isosorbide. This-work is-part, of an uncompleted :scheme for the.
identification and quantitation of mono~ and diglycerides (21), propyl-
ene glycol.esters (20), and polyglycerel esters (18, 22) used in many
food shortening systems. The scheme utilized liquid partition column -
chromatography (LPCC) run on hydrated silicic acid packing: (22) for the -
fractionation of a lipid—emulsifier\ﬁixturei"Fractions containing the:
sorbitan emulsifiers were identified by gas liquid chromatography - (GLC)
of methyl ester derivatives, according to the :procedure of Lemieux and
McInnes (15). - A similar procedure has been reported by Wetterau et al.
(26), who used-ethanoliextractien.followedybyasiliéiq acid fractionation
and identification by paper chromatography or GLC for the determination .
of sorbitan monostearate in -.cakes. ° As‘pointed out ‘by Wetterau et al.
(26), th%S‘prqcedgre is time-consuming and requires the development .of
appropriate skills. : On the other hand, Carroll' (6) demonstrated the
advantages -of .LPCC conducted with Florisil (magnesium oxide 15.5 * 0.5%
and -sodium sulfaté 0.5%) packing. ' In all instances thé stationary phase
fo? siliciciacidfor‘qurisilipackingvhas;beenhdistilled water (6, 19? 26).
The mobile phase varies among_experimenter§; but‘the general pattern is
sequential elution by.solvents of increasing:polarity. Sahasrabudhe and.
Chadha - (19) used‘benzene initially, While.Wetterau:gE_giﬁ'(26) used
hepténeéand*Carroll*(6) used hexane, For each researchier the final
solventuwas ethanol or methanol,

To date, no researcher.has reported a satisfactory, procedure to



separate ‘and quantitate a commeréial sorbitan monostearate 'stock from a
polyethylene sorbi;an‘monostearate;s;dck in a.shortening system without
making derivatives .of ‘the fractions for GLC identification. Development:
of :a procedure that would quantitate and identify un-degraded emulsifier
fractions would be desirable for studying possible interfacial.concentra-

tion: changes of the emulsifier molecule.



CHAPTER III -
EXPERIMENTAL PROCEDURE
Measurement ‘of :Stability Index-

In order thmeasufe.and’compéreithe variables associated with emul-
sion stability, an original procedure was developed in 1966 by the author
and reported in,1968 (25). Predetermined 'quantities .of an.emulsifier -
system.and fat were combined in.a 100 ml breaker and warmed to 46-48 C
on-a steam tablé., The emulsifier-fat mixture was poured into an assem-
‘bled hand homogenizer previously heated to approximately 46.C, and the
appropriate amount of .distilled wéte;,'preheated.to'46-48‘C, was, pipetted -
intoitﬁe hot ‘homogenizer, Thq water—fat—emulsifier,mixture;was then
pumped,through]the homogenizer and collected in . the 100 ml beaker which
originally contained the fat. This step was repeatéd three times and
each time the emulsion was poured back into the homogenizer, .a rubber
policeman was used to removeé any residual material -from-the beaker..
After the third homogenization, a 5 ml sample was transferred into a
tared, scréwfqap“culture tuBE to be analyzed latéryfpr fat content. -
Then-a 10 ml sample of the*same“emulsion\was pipetted into a conventional
test ‘tube, which was s;opperediaqd'hgld\in a 37 C water bath for six.
hours without. agitation.  Identical homogenization and sampling were. re-
peated for each sample in the éeriesi’

When-the 10 ml sample had -been in the water bath for six hours, a

10 ml pipette, with the top sealed by the forefinger.to prevent any of
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the emulsion from entering, was.carefully.lowefed to thelbottdmiof'the
test tube. Then the bottom 5 ml of the sample was.slowly drawn into the -
pipette_and_tfansferred to a tared,;screw—éap culture test tube., The-
initial sample and the sample taken after six hours were stored at -17 C
until the amount of fat could be analyzed using a modification of the
Mojonnier fat.extraction procedure. The screw-cap test tubes containing
the emulsion samples were thawed in a 37 C water bath and weighed at:
room temperature without.the caps. -

Twenty milliliters of a fat extraction solution containing 4.35
parts petroleum ether, 4.35 parts diethyl ether, and 1.3 parts 95% alco-
hol.were added to each test tube containing an emulsion sample, along
with one'drpp of phenol red ‘to clearly define the,phasés; The phenol.
red colored the lower aqueous phase; while the fat was extracted into
the upper colorless diethyl ether phase. " The caps were tightly. secured
and the test tubes shaken vigorously for 30 seconds. They were then
centrifuged for five minu;es_to-promote separation of the phases, and
the diethyl‘ether—fat phase was pipetted to the. assigned Mojonnier fat
pan. . The extraction process, from the .addition.of -20 ml of extraction
solution -through removal .of ‘the clear layer and rinsing of the pipette,
was repeated tliree times or until.the colored aqueous phase of the tube
was‘freéhof opaqueness. The solvents in the fat pan were evaporated on
a_hot plate .and the pans placed.in a vacuum oven at 135 C under 25
inches of mercury for 15 minutes. After cooling at 22-24 C in.a desicca-
tor, the weight ‘of each pan was recorded, and the weight of fat in each
sample was calculated.

The Stability Index (S.I.) was, calculated by dividing the per-cent

fat in the six-hour 'sample- (a) by,the\per cent fat in the initial sample.
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(b) and multiplying by 100. Algebraically, this is expressed as:

8.1, = (a + b) 100, Under the conditions of this procedure, fhe'S.I,iof
every emulsion wouli‘range'between OleO.f'On:th131scqle,va maximum. in-
dex:of 100 would indicate that no separation of the o0il .and watér phases
had occurred; conversely, an index of 0 Wouidiindicate complete.oil and’

water separatienm.
Measurement of Emulsifier Performance

Emulsifier performancg~represepts:the'abiliﬁy~of-an emulsifier to
promote ‘stability in an emulsion.. This was measu:ed'by.the_StI.;procev
dure ‘given above for .emulsion systems containing anhydrous milk-fatlv
having.a titratable acidity of:less than:0.1 meq./ml (calculated as
lactic) combined:with the'fellowing,emglsifierz systems:

'a). Span 60 (serbitan monostearate - HLB 4.73);

b) Tween 60 (polyoxyethylene sorbitan mondstearate - HLB 14,93),

1l Tween 61 (polyoxyethylene sorbitan monostearate - HLB 9.63).

2 Tween.81'(polyoxyethyleme sorbitan monocleate —‘HLBilo.Oa).:
3 Span 60 plus Tween 60 to give a calculated HLB value -of 9.5,

4 Span.60 plus Tween 60 to give a.calculated HLE value of,9.75,
2 Span 60 plus'Tween 60 to givera‘ca1Culated HLB-value of 10.0,
éﬁ Tween 61 plus Tween 80 to give a calculated HLB value of 9.75. -

HLB values for emulsifier ssystems 3, 4; 5, and 6 (above) were cal-

_culated according to.the manufacturer's recommended procedure (1) for

1Qde1~Conqessﬁon Specialties Company, Caldwell, Idaho.

2Donated by Atlas Chemical Industries, Inc., Wilmington,-Delaware.

3Manu£acture§fs published value,,
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blending emulsifier'stocks,'where;

100 (X - HLBB).
HLB, - HLB, ° X = .desired HLB value. .

[

A

% emulsifier A-

% emulsifier B = 100 - % emulsifier ‘A

Calculated proportions:of -each emulsifier, sufficient for the total:
study, were combined ‘in.a glass ‘test tube, stoppered, and heated in.
flowing steam until they liquified, Af;er,repeatéd-inVerting to assure
complete mixing, the sampleé‘were quickly solidified at ~17 C and-held
at that temperature until needed. Each of the six emulsifier systems
(1L.to 6 of previous listing) was added to the milk.fat at levels of 0.5;
1.0, 1.5, and.2.0%.

The emulsions were prepared with a hand homogenizer by adding deion-
ized water.to each fat-emulsifier mixture to give a total sample weight
of 50 gm containing 25% fat, A factional .arrangement of treatments was
laid out in a;split—plo; design by grouping the emulsifier systems (l.to
6) inte eéch'O;SrZ.OZ emulsifier usage level. As shown in'Table I, each’
of-the emulsifier systems was duplieated~té give a.total of 48 samples.
per trial (main plot). The sequence in which each emulsion system and-
its duplicate ‘were assembled and sampled was. randomly.determined for
each usage-level, as was the:.order in which .each of ‘the four usage levels .
was run. The total trial was repeated aftér re-randomization and the.
S.I. for each sample was'deéerminedﬂby\the procedure ‘described previousr
ly. An analysis of variance was used to detect significant effects due
to trial, emulsifier usage .level, emulsifier system, and HLB values,

A second experiment cqmpared the"S,If of emulsions containing a,
single emulsifier .to emulsions containing a binary mixture of emulsi- .

fiers.: In this single trial all the emulsifiers were a monostearic .acid.
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ester of sorbitan havihg an HLB value of 9:6. Twenty-five per cent milk
fat emulsions were prepared with emulsifier usage levels of 0.5, 1.0,
1.5, and 2.0% of the fat. These data were analyzed as a split-plot, in
which the main plots (emulsifier usage’levél) wereurunsas accompletely
randomized design. Each emulsion preparation was randomly rum in tripli-
cate at each emulsifier usage level, and an aralysis of variance was .
used to detect possible significant effects.

A third experimentvwasndesigneduto study the effect of binary emul-
sifier systems composed of a saturated fatty acid estér (monostearate)
of sorbitan, Tween 60 plus Span 60; and the unsaturated fatty acid ester
(monooleate) of sorbitan, Tween 80 plus Span-80. An HLB of 9.6 for each.
emulsifier sys;em!was added at ‘usage levels of 0.5, 1.0, 1.5, and 2.0%
of  the fat, and‘each'emuléign was made up to 25% milk fat. . The data of
this experiment were statistically analyzed in the same manner as experi-
ment two.

A final experiment was run replacing milk fat with tristearina'for
emulsions containing only Tween 61 and a combination of Span 60 plus
Tween 60 at 1.0% of the fat, Twenty-five per.cent fat emulsions were
assembled and run in duplicate for each emulsifier system, and the means:

were compared by analyzing the data as a completely randomized design,
F1§r1511 Chromatography

Quantitétivegseparation of -sorbitan monostearate .(Span 60) and poly-
oxyethylene_sorbitan monostearate (Tween 60) Stogks from each other ana:

from an oil has been accomplished;by the following procedure using liquid

aﬁaker Grade, J, T. Baker Chemical Company, PhillipsburgéNew-Jersey;
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partition column chromatography (LPCC), - A chromatography coluyn was..
constructed from 1.cm inside.diameter glass tubing cut to a léngth of 30
cm. The bottom‘4,cm was. drawn ‘out to form aitaperingftip with a 0.25 cm
inside diameter. The -tapered end was loosely .stuffed with glass wqol5
and topped with a 1.cm diameter ‘disc cut from Whatmaanqé 42 filter
paper: One hundred grams of 60-100 mesh”Florisil6fwasTplaced in,a 50 ml
Erlenmeyer flask and hydrated with 7 ml of distilled water (6). The
flask was stoppered and held overnight to.reach equilibrium. Twelve
grams of‘the,hydrate§ Florisil was poured into the prepared glass~column,
to give ‘a bed length of 18-19 cm. Sequential;washing éﬁ‘the‘column with
100 ml’benzenej;‘lOO ml'methanolz{diethyl ef:her7 (1:7 - .v/v), and 100 ml
acetoneZ§diqxaneZquthanol7'(lrl:l-— v/v/v) at approxim;tely one ‘drop
peraseqqndurqmovedvunwanted fipes,aqd possible contamination.

The sample-was prepared for -chromatography by adding an equal part
of\chloroformZJand-gently~heating until dissolved,..Thén~approgimately
0.2'ml of the chloroform-sample mixture was pipetted onto the Florisil
bed: surface and washed into. the s;atiqnary packing-With~benzeneq - The
sample material was.sequentially .eluted with 40 ml of each reagent above.
~ and collected in 5 ml portions numbered 1 to 120. Detection of the
eluted{material;was determined gravimetrically after the .5 ml portioms
had been transferred, with a minimum of rinse solvent, into tared fat
pans. This-was done by taking theapgns_to’dryness‘on a hot plate and

holding at5135vQ'under vacuum for 15 minutes. . The weights of the

SFisher,Scientific'Company, Houston, Texas,
6Floridin Company, Hancock, West Virginia,

7A;C,SQ, Reagent . Grade.
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colleated material were calculated aftér:cooling ‘to 22=24 C-in a desicca—‘
tor,‘ Thg-récovéred'fractiqns were .tentatively identified by reference.
compounds run.on-thercolumn singly. Total recovery yields were gravi-
metrically calculated from sample volumes, identical'to those applied on
the column, after taking to dryness under vacyum.. Control samples were"
prepared from tristearin or milk fat plus Span 60 and Tween 60; all in .

equal parts.
Liquid Scintillation Counting

Liquid.Seintillation Counting (LSC) was performed on a Packard Tri-
éarb Liquid_Scintiilation;Spectrometer! Model 3320, to determine -the
radioactivity of tritiated (SH)'labeléd emilsifiers. Using a‘tritium
standard, one chanﬁelfwas adjusted to 64,37 gain ‘with 25—100Q window
openings. - At ‘these settings a .maximum counting efficiency of 55.2+535,5%
was obtained.’ The LSC fluid ("cocktail") was prepared from 0.1 gm 1,4~
Bis—Z-(SrPhenylgxazolyl)—benzenqs(POPOP) plus 4.0 gm 2,5:—Diphenyloxozole8
(PPO) made with sulfur-free toluene to a-l-liter volume. - Just before.
counting, 15.0 ml of the "cocktail" was added to each LSC sample vial.
All samplés were counted for one minute and the results reported as
éounts per minute.(cpm) from which the specific activity (cpm/mg) was
calculated‘and recorded.

Radiocactive emulsifiersmfgr this study .were, tritiated by custom
labqling?”unpurified~samples of Span 80 (sorbitan monooleate) and Tween

80 (polyoxythylene sorbitan monooleate)-with~3H,_presqmably without "the

aPackard Instrument Company, ch,,iDownefstrove,*Illinoisa

9Amersham/Searle. Corporation, 2000 Nuclear Drive, Destlaines,

Illinois.



16

formation -of degradation products, at the unsaturated 'double-bond of ‘the-
oleic 'acid side chain, - Such hydrogenation Wduld'result,in:formation‘of

a saturated stearic acid'side chain on the sorbitan .parents, correspond-
ing to Span. 60 and Tween 60 respectively. Fifty milligrams of 3H—Span

60 in ethanol and 75 mg of 3H—Tween 60 in an aqueous solution having a

‘ radioactivity of;apprqximately 65 - millicures edch were received from the.
supplier in separate vacuum-sealed vials containing approximately 4.5 ml:
of solution each. The radicactivity of each 3H—emulsifier was checked’by~
counting approximately 0.1 ml portions according to the LSC procedure
described earlier and reported as cpm/ml,

The-aH-Spangmaterial,was purified by chromatographing a 0.2 ml-
aliquot on a Florisil column:according to the LPCC procedure previously.
described. FortyES}gl portions were collected for each of the three sol-
vent systems, and.tuBelnumbers 11 and 12, representing the first 10 ml
of the methanol:diethyl ether solvent system, were combined. In:a like
manner, 0,2 ml of the unpurified 3H-_--Tween material was chromatographed
on a Florisil column, but in this instance, tube numbers 18, 19, and 20
were combined, corresponding to the first 15 ml of the acetone:dioxane:
methanol solvent system. . Both of -these fractions were.set aside for
later preparation of 3H—emuls‘ifierrstockl mixtures to be used in this
study..

Location of 3H—Span an& 3H—Tween peaks 'by LPCC -was done With’pufi—,
fiedV3H—emulsifier.stocks,,-The 3H—Spanstock was prepared by taking 4.8
ml of the purified fractions (number:.1l and 12 above) td dryness at 70~
80. C-under vacﬁﬁgﬂin‘a;LSC vial. To -this was added 5.0090 gm of.un-
labeled Span 60 emulsifier; this mixture was then heated to 80 C-and

shaken to assure uniformity and immediately placed at =17 C until mneeded.
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The 3HfTWeen stock was similarly.prepared by ‘drying 10.0 ml of the puri-
fied fractions, mixing with 1,5113 gm of unlabeled Tween 60 at 80 C and
immediately placed at =17 C until needed. The specific activity of each
emulsifier stock was determined by weighing out a knqwn‘Quantity (1-2
mg) into a LSC vial and counting by -the proqedureﬁpreviously,described?
Thg«specific activity was reported as cpm/mg for each emulsifier stock:

Isotope location of.the 3H-.—Span emulsifier peak was detérmined by
column chromategraphy on Florisil packing, according to the procedure
given earlier, using 0.2 ml of 0.0043 gm 3H—Span»stock dissolved in 0.6
ml of chloroform. Five milliliter portions were.collected in LSC vials
aﬁ@'taken to dryness under vacuum at 70-80 C, : Each vial was counted by
LSC and its total cpm fecqrdedi The radioactive elution pattern was
established by pletting cpm vs. 5 ml of solvent .collected. An identical
0.2 ml of the 3HrSpan-chloroform solution corresponding to that applied
on~thé column was dried and counted along with the 5 ml fraction vials-
and used for.a total cpm standard,.

In a similar manner,;tﬁe 3HfTween emulsifier peak.was located, but
in this instance, 0.2'ml of 6.9 mg 3fI—Tween,stock‘dissolved in 1.0 ml of
chloroform‘was_applie@ to the column. - Likewise, another 0.2 ml of this
solution was dried and counted along with the 5 ml vial-fractions and.
used‘fqr a.total cpm standard. The:results were recorded in cpm.and the
elutien pattern.was established by pletting cpm vs. 5 ml of solvent col-"
lected. Then the radioactivity distribution pattern for each of the
3H—.Span and 3H’-T;ween stocks for each 5,0 ml‘tube was compared to, the-
previous fat-unlabeled emulsifier elution patterns ‘determined gravi-
metrically. Im this way, the gravimetric LPCC procedure ' for the identi-

ficatiqn of a single emulsifier from another or from a. fat was checked.
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The emulsifier concentration at a lipid-aqueous interface ‘was de-
termined. for three different mixtures of a triglyceride plus-3H4emulsi-
fier stocks prepared.as: (a) tristearin,cpntaining 1.0%-3H-Span stock;
(b) tristearin containing l.O%'sH—Tween stock, and (c) tristearin con-
taining 0.5% 3H—.Span stock plus 0,57 3H—Tween stock, Each mixture was
assembled by adding 4.0 gm of tristearin to its respective amount of
3H—emglsifier stock in a LSC vial. Each 1ipid-3H—emuISifier was. used. to -
form three separate interface preparations on the surface of distilled
water. This was done by heating the lipid-BH—emulsifier mixture and 25
ml of distilled water (in a 50 ml stoppered flask), together with a 10
ml pipette and.a clean 100 ml beaker, to 80°'C in an Qvenlq, After pre-
heating one hour at 80 C, 8 ml of the distilled watér was pipetted into
the 100 ml beaker. Immediately afterwards, the lipid—BH—emulsifier mix-
ture ‘'was gently poured down the beaker wall'onto the water surface with-
out mixing the two phases. After standing another 60 minutes at 80 C,
the system was placed at -17 C for approximately 10 minutes until the
fat phase:had solidified. The intact solidified fat phase was removed.
with a spatula and placed upside down on a frozen metal block. The ex-
posed surface that had-been between the fat and water phases was care-
fully scraped with a microspatula. The-thinnest possible layer of inter-
face material (approximately,4,2 mg) was collected 'in.a tared LSC vial.
This-sample was taken to drﬁness under‘vacuum.atx70—80 C-and the weight .
recorded. Then 0.5 ml of chloroform was added to dissolve the sample.

A 0.2 ml aliquot of this solution was applied to a Florisil column.and

eluted according to.the LPCC procedure given earlier. Twenty milliliter

loBlue_M Electric Corporation, Blue Island, Illinois..
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fractions were collected -in LSC vialS'and taken to dryness for a radio-
activity assay. This procedure was repeated for each of:the interfaces
formed from the three differentalipid—3ermulsifier mixtufés,b Results
are reported as.cpm/mg of .dried interfacial material. From these data,
it was-possible -to compare the molar concentration of a 'single emulsi-
fier (Span-60 or Tween 60) and the molar concentration.of a binary emul-
sifier mixture (Span 60 and Tween 60 combined) at a tristearin-water

interface.



CHAPTER IV-
RESULTS AND DISCUSSION
Stability Index Measurements of Emulsifier Performance

Stability Index measgrements for 25% milk fat-water emulsions con-
taining emqlsifiertsyétems with HLB values of 9.5, 9.75, and 10.0 added
at usagelevels of 0.5, 1.0, 1.5, and 2.0% of the fat are:shoWn in Table -
I. The S.I. values ranged from 33 to 78 on a ‘maximum scale ‘of 100, -
Analysis of variance (Table -II) for ‘the 96 total observations showed
that the variation-among duplicates within trial 2 was.much higher than
iﬁ,trial 1. The probabie cause of this large variation was that -obser-
vatiops'were conducted by two different‘workers, a laboratory technician,
and the author. A comparison of the Error Mean‘Squére'(EMS) for dupli-
cates. within uéageulevel»indicated differences in theirAtechniqﬁes; The-
EMS for trial 1,was 39.40, which was lower than the 62.75 for trial 2,
indicdting that the.vafiation in_personnel’techniques“dufing t:ial 2.
was-muchagreaﬁerq AﬂchEGki§§ the1record§_verified that trial 1 had:
been performed, by one worker and trial 2 by both workers.

Regardless of these technique differences, the emulsifier usage
level was a significant (P < 0,01) factor in the stability of these fat-.
wéterAemulsions; which agrees with'the‘work of othér .researchers (1, 2,
25). Testing for the effect of HLB values on emulsion-stability showed
no significant difference (P > 0.05), which indicated that there were no

differences between the 9.5; 9.75, or 10.0 HLB values of the emulsifier .

20
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systems used in this study. However, values outside-the HLB range of
9.5 to 10,0 previously have been.shown to signifiéantly,aﬁfect?emuléion~
stability, as .reported by Titus EE-éif (25). The type of emulsifier
system was not-significant (P > 0.05), indicating-thatnnone of the
emulsifier systems promoted more emulsion stability than any of :the
others,

To detect possible differences in efficiency between a single emul-.
sifier and a binary mixture of emulsifiers, a second experiment ‘was per-
formed on 25% milk fat-water emulsioms contdining emulsifier systems
with identical saturated fatty.acid side chains (monostearate). Boﬁh
systems,were:prepared‘so that the HLB:.values were identical at each emul-
sifier usage level. An analysis of variance (Table IV) of the S.I.
measurements in Table III shows the gmulsifier usage .level te be signifi-
cant (P <'0,1), which agrees with literature reports that the stability
of éil*Water emul$ions is enhanced by increased levels of emulsifier
usagé (1, 2). However, no significant.increase.in emulsion stability
was found for either emulsifier system.(P > 0.05). This demonstrated
that the replacement of a single. component emulsifier éystem.with a
chemically similar binary emulsifier mixture having an identical HLB and
usage level did not improve, an emulsion's stability; 1.e., tbere,was no
synergism. The interaction;betweenhtypes of emulsifier system x usage
level was not.sigpificant (P > 0,05), -

A third experiment.compared the effect of binary emulsifier systems
composgd of different fatty-acid'side chains, In this instance,'one
system had a satura;ed;mgnostéarate.fatty»qcid side chain and the other
an unsaturated monooleate .fatty acid side cliain, Tﬂe’HLB‘value for each

system was 9.6, and identical‘usage levels in 25Z milk fat-water emulsion
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were used., - An -anaglysis of Narigncev(TableyVI)-of the dat;’inviable-V'
again‘shows!that~emul§ifier usage level was significant‘(P¢<.0.0l); No
significance (P > 0.05) was. found for the effects of.different emulsi-
fier systems, which indicates-that<the stability of a milk fat-water.
emulsion is not enhanced by an-emulsifier having a.éaturated fatty acid
side chain as compared to an unsaturated one. The emulsifier x usage
level -interaction also was not significantg(P > 0,05).

The,fourﬁh experiment was conducted on'25% fat-water emulsions pre-
pared with tristearin. Two separate emulsifier systems having an HLB-of
9.6 were used at a level of 1.0% of the tristearin. One system was a’
single emulsifier with a monostearate fatty acid side chain and the
othér -a binary mixture of two emulsifiers; each having a monostearate
fatty acid side chain.. The-S.I. observations and the calculated means
for each emulsifier system are presented in Table VII. The single emul-
sifier system produced tristearin-water emulsions having:a S.I. mean of
45.45, while the binary emulsifier system had a S.I. mean of 45.85. The
0.4 differencé in S.I. means was not-thought te. be important whencom-
pared to the range of SiI. values observed for eachﬁeﬁulsion system;
i.eq,'a 43.24 to 47.80 range.for the :single emulsifier system and 43,30

to 49,22 range for the binary emulsifier 'system,
Measurement .of HLB-

The- preparation of samples and data reported in this study has been
based upon -the manufacturer's published HLB value for the specific emuyl-
sifiers used. However, to date there has been véry little research pub-
lished concerning an accurate procedure for measufing'HL3~values. Con-

sequently, some researchers have ‘questioned the reliability of .a manu-
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factufer's HLB rating for a particular-emulsifier lot.: The3mpst{promis—
ing procedure reported for;détermining HLB-values. appears to.be GLC
(gas-liquid chromatography) analysis. ~ Mickle et al. (17) reported repro-
ducible HLB;determinations‘by;GLC'When-using Chromesorb G .(60=70 mesh)
packing coated with 5% émulsifier. - 8atisfactory.resolution of retention
times corresponding to small changes in HLB were'obtained when using iso-
amyl alcohol elution., A comparison of the-manufécturer‘s;HLB values and -
those obtained by the procedure of Mickle gggélf (17), for the -emulsi-

fiers used.in this study, is .presentéd.in Table VIII. .
Separation of Fat-Emulsifier Mixtures by-Florisil Chromatography .

Column chromatography .using silicic.acid (22) or Florisil packing
has been feported to be satisfactory for the .separation of lipids. How-
ever, the author observed the~adyantages-demonstrated-by,Carroll (6)
that Florisil, as opposed to silicic acid, was very simple to pack and
the relatively coarse mesh permitted rapid flow rates:

Table-IX preqents-the.gravimetpic_(mg) recoveries collected per 5
ml tube when individual samples of milk fat, tristearin, Span 60, and
Tween 60 were. eluteds Also presented are the milligrams.of sample re-
covered in.each.5 ml tube when two separate mixtures of .tristearin :
Span 60 :‘Twéen 60 (l:1:1) were eluted from the column.. Table IX also
shows, the total:weight as per cént recovery for each'sample% Of partic-
ﬁlar interest is the 100.8% -and 103.5% total recoveries obtained from
the elution.of tristearin.: Span 60 : .Tween 60 Mixtufes.. A plot of the
milligrams recovered for each 5 ml tube number demonstrates the.individ-
ual elution patterns for tristearin (Figure 1), Span 60 (Figure 2), and.

Tween 60 (Figure 3). The-single component peaks in Figures 1, 2, and 3
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were compared to Figure 4 for tentative identification of the three
distinct peaks obtained during elution-of a tristearin_;’Span 60': Tween
60 mixture, . In this manner, peaks-A, B, :and C'in Figure'4 were Eentaf
tively identified as tristearin, Span 60, and Tween 60jrespectively;f'
The per.cent recovery of .tristearin, Spén 60, and Tween 60 is presented
in Table-Xv. It :is likely that variation in the percent recovery ob-'
tained for tristearin (100.98% and 86.71%) represents incomplete elution
of the material and that the differenceé in recovery of Tween 60 (95.59%
and 114.69%) is due to weighing errors often‘associatedlwith-gravimetric—
type-determinations. Reasonable duplication of -105.65% and 108.97% re-
covery.for Span 60 was obtained; but such "synthesis' seems improbable,
Therefore, these_vq;ues likely represent inclusion of some tristearin,

Tween 60, or both.
Liquid Scintillation Counting of Tritiated Emulsifiers

As received . from the supplier, the tritiated Span 80 and Tween 80
had radioactivity levels of 4.320 x-~109 cpm/ml and 8.973 x 109 cpm/ml
respectively, After a 0.0926 ml aliquot of this 3ﬁ—Spanumaterial'was
diluted with 5.0 gm unlabeled Span-60, the specific activity was 4,69 x
105 cpm/mg. Likewise, 0.1 ml of the;BHﬁTWeen,was diluted with 5.0 gm
Tween 60 teo give a mixture having 4.64 x 105 cpm/mg. A 10 mg portion
of each'diluted mixture wasiplaced=on{separateTFlorisilucolumns,,and
the cpm obtained for eachwﬁ ml of solvent.are presented in Table XI.
These raw data demonstrated that ‘the unpurified preparation of each
emulsifier stock as received from the manufacturer contained peaks for
tubes numbered 2, 3 and .4; 11, 12 and 13; 19 and 20.

‘PUrified 3H—Span»-_BO material from tubes numbered 11 and.l2 was used
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to prepare a ~H-Span emulsifier stock having a. specific-activity.of-2,.33.
X 104 cpm/mg. This was.chromatographed on Florisil and the cpm for each
5 ml of solvent recorded (Table XII).: An 88.6% recovery of the total
amount of radioactivity was observed. Of the recovered material, 94,17%
was eluted by the methanol:diethyl eﬁher*(l:?) solvent system and 5.7%
by the1acetone:dioxane:methaneli(l:l;l) solvent system. Similar chroma-
tography of a purified Tween stock having 5.02 x lO_l‘+ cpm/mg is shown in
Table ‘XIII. A total of oﬁly 62.8% of this sample's radioactivity was
recovered from the Florisil column. This incomplete elution of.the 3H—
Tween material has-been supported by recent work showing similar re-
coveries. In addition ig was - found that the per cent of emulsifier re-
covery,could be increased by replacing the acetone:dioxane:methanol sol-
vent with methanol. Of the 3H-Tween..mavterial-\recovered,_'0.5%-was eluted
by the.benzene, 11.0% by the methanol:diethyl ether, and‘88;42% by the
acetone:dioxane:methanol solvent systems. An elution pattern of cpm per
5 ml,tube.fdr thE-3H—Span<(Table XII) and 3ﬁ+Tween (Table XIII) stocks
has been graphed in Figures 5 and 6 respectively. A5compariéon of .the
major -single peak eluted for each 3H—emul_si_fier with the elution pattern
oEtained~from the gravimetrically determined chr§matographyfof tristear—
insSpan.60:Tween .60 (1l:1:1) in Figure 4 provides further evidence that

identities of peaks B and C are Span 60 and Tween .60 respectively.

3H-Span-and 3H—Tween.Emulsifier Concentrations

at a.Tristearin-Water: Interface

A preparation of tristearin containing 1% of the 3H—.Span stock had
a specific activity of -473 cpm/mg. This value, together with the mol.

wt, of 430.5 for Span-60, was used to calculate ancemulsifier concentra-
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tion of 0.0454 x 107 M/mg in theltristearin—BHQSpaneﬁixture,' Material
recovered from the interface formed between thiSasame,tristearin—BH-Span
mixture and distilled water was found to have.1,290 cpm/mg, equivalent
to a Span emulsifier concentration of 0.124 x'_lo_-6 M/mg of interfacial
material (Table XIV).: This concentration value represents a 2,73-fold
increase in.the Span concentration at ‘the interface region.as compared
to the concentration in the original tristearin-emulsifier mixture.

Such a large increase of 2737 would not ‘normally be anticipated for an.
emulsifier .like Span 60 which possesses a lipophilic favorable HLB
rating of 4.7 (iﬁ@icating that 75% of: the melecule is fat soluble), One.:
possible explanation for this-large increase in concentration may be the
adherence ‘of the small hydrophilic portion of the molecule to the water
phase once a.Span.molecule in the fat.phase happens to‘touch the inter-.
facial regiow. In this way, a.concentration of the Span molecules coﬁld-
eventually build up at the tristearin-water interface.. The relatively
small size of a Span molecule (molecular weight of 430.5) could allow
movement within the:tristearin phase‘due-to‘convectipn currents produced
by the 80 C temperature at which the interface was formed. This would
promote 'the frequency of.contact 5etween’a larger number of the Span
molecules and.the interfacial region,

Florisil chromatography of thé,tristearin—3H~Span—water interfacial
material showed that OaSOZ?ofzthe radioactivity was eluted with benzene,
96.38% with methanol:diethyl ether, and.3.33% with the acetone:dioxane: .
methanol,solvent systems. Of the 2,067 cpm applied to the:column, a.
total of only 1,352 cpm were eluted. This gave a 65.147% total recovery,
vhich .again indicated incomplete elution.

. . . . g 3. ..
A secend preparation containing tristearin plus 1% “H-Tween emulsi-.
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fier stock was. assembled having 1,056 cpm/mg, indicating a”3H-Tween“
emulsifier,cqncéntration of 6.847 x 10-6 M/mg. Thié sameftristearinfBH*,
Tween ﬁixture.and’distilled waferlwas,used‘to form ‘an. interface that had-
1,534 cpm/mg, or a Tween emulsifier conceéntration of 9;946,1{10-'-6 M/mg. -
(Table XIV). Th%s'represented,a 1.45-fold increase in Tween concéntra-
tion at the tristearin-water interface. Such an increase would be ex-
pected for a Tween emulsifier since it'hasian-HLB-value_of 14,9 (approxi-
mately 75% of the molecule is water soluble), Unexpectedly; on the

basis of relative water,soluability, the interfacial conceéntration in-.
crease 0of 2.73-fold for the lipid-preferring Span was larger. than this:
l.45%fold increase for. the waterfpréferring Tween .molecules, This could
indicate that under similar convection current .conditions; the-frequency
of molecular contact at the interfacial region was much greater for the
smaller-Span molecules (mol., wt. = 430.3) than for the larger . Tween
molecules (mol. wt. = 3070.5).

Florisil chromatography of the;tristearin-BH-Tween-water inter-
facial material demonstrated that 0.96% of.the radicactivity was eluted
with benzene, 42,91% with methanol:diethyl ether and 56.12%Z with the.
acetone:diexane:methanol solvent systems. Thevrelatively,lérge 42,91%
portion of, counts eluted by the methanol:diethyl ether did not:-agree
with previous elution data.in which only 11.0% was recovered with this
solvent system for 3H—Tween emulsifier stock. (Table XIII). A repeat
study with a new interfacial sample confirmed that-almost half .the 3He
Tween emulsifier was.eluted by the methanol:diethyl ether;solvent system
tentatively. associated with 3H—.S,pan emulsifier elution. This could indi-
cate possible degradative.reduction of oxyethylene side chains.fromthe

3HaTween molecules during the study, resulting -in.a sorbitan monostearate
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structure, corresponding to.a Span 60 molecule. Possible-reduction of
the remaining side chain from the sorbitan parent would release a free
stearic acid, which should be eluted by the mon-polar benzene solvent
during Florisil chromatography (6). The-higher-0,.96% recovery obtained
with the 3H—,TWeen interface sample supports the .possibility of such
degradation when compared to the lower 0.57% of the total radioactivity
obtained by the benzene elution of the 3H—,Tween'emulsifier stock (Table
XIII).

A third system was prepared using tristearin plus 1% of a. 40 mg
emulgifier mixture containing equal weights of 3H—Spanrand 3H—Tween
stocks. ' This emulsifier mixture contained, 4.49 x 10-5 M of the Span
emulsifier and,4.514 X 10_3 M of the Tween emulsifier, a 1:145 Molar
ratio of Span:Tween. The radioactivity of this emulsifier totaled
147.168 X 104 cpm/mg, representing 46,708 x 104 cpm from thé Span and
100.460 X 104 cpm from. the Tween, or a.Span:Tween cpm ratio of 1:2.151.
Based on these ratios, a total emulsifier concentrationiof>4.6569'x 10—6
M/mg (0.0319 x 10_6 M of Span .+ 4.625 x lO_6 M of Tween) was represented
by an observed specific activity of 1,045 cpm/mg for this tristearin-
mixed 3H--»emu],sifier;preparation (Table XIV).

Material recovered from the interface between the same tristearin-
mixed 3H—emuisifiér'preparaj:ion and distilled water ‘had 231 cpm/mg.

When 1,062 cpm of this material was chromatographed on Florisil, a total.
of 1,300 cpm was eluted, giving a recovery of 122.4%.  This- large re~
covery indicated a.possible.difference between the amount of counting
standard .and the -amount.of material applied to the -Florisil column. But:
of -the 1,300 cpm recovered, 0.31% was eluted by benzene, 33.46% by

methanol:diethyl ether and‘66}21% by the acetone:dioxane:methanol solvent

R
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system. Based upon the threé different solventvrecovefy,percentages
obtained from the elution of each singly 3H—emulsifie,dvinterface, this.
mixed emulsifier interfacial sample .was found to have 'a Span:Tween Mblar
ratio of 186:1. When this ratio was compared to the Span:Tween Molar
ratio of '1:145 existing in the original tristearin—3Hamixed eniulsifier
system, the larger water-attracting property of Span was.clearly demon-
strated, The total emulsifier concentrationcof'Span?and Tween at  the
tristearin-distilled water interface was-6.542 }c'lO_6 M/mg. Data in
Table XIV show that an interface formed with only Span-emulsified tris-
tearin contained 0.124 x 10-6 M/mg of Tween. But in.an-:interface formed
from tristearin containing equal weights of Span and Tween, an.inter-
mediate emulsifier concentratien of 6,542 x*\lO_6 M/mg was observed.,
Th%s-observatign could explain the . earlier results demenstrating that-mno
distinguishaﬁle improvement in emulsion stability was observed when a
single*emulsifier'systemlwas replaced by a binary mixture having the.
same HLB value and usage level because the totél}number‘of,emulsifieri
-molecules at the.fat-water interface had not been.increased. In addi-
tion, this binary emulsifier concentration data for aitristearin—watér 
interface definitely demonstrated an absence-of stereochémical molecular
packing to give a total emulsifier concentration greater -than:could
possibly have existed for either emulsifier, which has been .a widely
proposed explanation for emulsifier synergism.("condending-effect”
hypothesis). It could also suggest that reported positive emulsifier
éynergism resulting from mixing’emuléifiers§may be .in reality a reflec-
tion of many other factors contributing to an emulsion's stability. For
example, workers reporting increased emulsion stability by blending

emulsifiers may.have failed to. consider.the resulting HLB value of the
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final mixture or proper matching of HLB values. to the fat-water ratio

of the system in.which it is used, or perhaps stability.comparisons were.
made between an emulsifier mixture and its constityents at non~identical
usage levels--all of which are-highly important factors‘asiﬁentioned‘or

demonstrated in this presentation. -



TABLE I

STABILITY -INDICES FOR 25% MILK: FAT-WATER EMUL~
SIONS CONTAINING VARIOUS EMULSIFIER SYSTEMS -

Trial 17 - Trial 2.

Emulsifier Usage Level (% of Fat)
0.5 1.0 l,S c 240 0.5 1.0 1.5 -

HLB Emulsifier System

_.a 37 59 64 53 62
6.5 Tween 61, 39 55 65 66 66 60 54
Span 60° 4 64 63 61 51 61 57
plus 40° 55 66 66 61 57 63
 Tween 60
Tween 61 33 49 63 69 42 56 59
Twzen,al- 42- 59 61 69 59 53 59
9.75 - .
Span 40 4 54 41. 67 62 40 57
TWZen>60 63 41 61 60 36 47 54
Tween 819 39 32. 59 69 45 59 57
en ¢ 33 41, 54 57 41 49 55
10.0 )
sPagdgo 43 58 59 65 4 57 59
Tweem 60 | 49 62 56 71 63. 57 63

54

4t

52
76

64
70

62 -
66

63
57

69 .
78

64
63

a,

Tween 61 (polyoxyethylene sorbitan monostearate).
bSpan 60 (sorbitan monostearate).
cTweenu60‘(polyoxyethylene‘sorbitan»monostgarate).,

dTween’Blﬂ(polybxyethylene‘sorbitanimonooleate),



ANALYSIS OF VARIANCE OF COMBINED TRIALS REPRESENTING
THE -STABILITY INDICES FOR 25% MILK FAT-WATER EMUL-

TABLE II

SIONS CONTAINING'VARIOUS EMULSIFIER SYSTEMS -

32

'Ms ‘

Séﬁrcé ‘ _df  ¢SS-'

Total: 95 9,726.49

Trial (&) . . 1 189,84 189,842 3,72
Usage level (B) 3 4,513.87 1,504.62P 10.773
AxB ‘Interaction 3 419.03 - 139,682 2.73¢
Emulsifier system (C). 3 582,05 ll6.4lb 2.17:
(HLB . within C) (2) (186.33) 93.17P 1.74

- AxC Interaction. 5 267,98 53.602 1.054
BxC Interaction. 15 767.82 51.19b 1;433'
AxBxC Interaction . 15 534.88 35.632 0.69
Error (duplicate’ ‘

within.usage level) 48 2,451,00 51.02 -

Trial 1. 24 - 945,00 39.40
24

. Trial 2

1,506.00

62,75 -

aTested by 'Error for duplicate within usage level',

bTeétedtby following interaction term (a).

®p <0.01.

dNot significantj P > 0.05,



STABILITY' INDICES FOR 25% MILK FAT-WATER EMULSIONS CONTAINING -SINGLE

TABLE III.

OR: BINARY -EMULSIFIER SYSTEMS HAVING A MONOSTEARATE SIDE CHAIN

Emulsifiéf'Syétém?'(HLB‘=:9;6)

Emulsifief Usage Level (% _of Fat)

0.5 1.0 1.5 2.0

- 62.1  60.9.  66.8... 67.7... 51.8  70.7  73.2  61.5
Tween 61 . 59.6 58.0 59.6 644 50.1 . 64,4 72.0 74.4
58.2 65.3 60.3  61.8.  79.3  59.8  75.0 76.9

Span .60 62.5 60.9 59.5 68:0 59.6 60,1 79.7 65.5
plus o 58.1 64.2 65.7 65.7 62.0  66.7°  75.8 64.8
Tween 60 o 55.0 62.2 62.4 71.3 60.0  69.8  65.2 67.3

%see Table.I for.description.



TABLE IV

ANALYSIS OF VARIANCE OF STABILITY INDICES FOR 25% MILK:
FAT-WATER EMULSIONS CONTAINING SINGLE OR BINARY. EMUL--

SIFIER SYSTEM HAVING A MONOSTEARATE'SIDE CHAIN

34

4'30u£¢¢“ T »af T -
Total, . 47 2,053.81

Usage level (A) P 3. 712.36  237.45%  4.357°
Replicates in usage level - b 218,01 54 .50

Emulsifier system (B) 1 0.06 0.06b 0._0006d
AxB- Interaction .3 30.64 - 10,21>  0,1004
Replicates kX B in usage level . 4. 406,98 - 101.75

Duplicates in A'x B | 32~ 685,76 21.43

m

Tested by 'Replicates in usage .level' MS.

U‘

Tested by 'Repllcates x-B in usage level' MS,
P < 0.1, -
Not -significant; P > 0.05.

Q-O



TABLE V

- STABILITY INDICES FOR.25% MILK FAT-WATER EMULSIONS PREPARED WITH EMUL-

.SIFIER SYSTEMS HAVING A MONOSTEARATE OR MONOOLEATE SIDE CHAIN

Emulslfler‘Usage Level (/ of Fat}r

Emu151f1er System (HLB 9 6) ‘ —
- ) 0,5,.“17...',,. L0 1.5

Span 60 . . _. 36.17  35.38  56.46 61.66 62.98 60.62 66,57 67.45
plus . 40.54 39.68 = 56.27 54,59 59.67 53.46 68.07  68.50
Tween 60 41,00 36.02  54.85 59.31 61,70 61.80 65.41 70.08
Span 807 32,64 33.71  58.54 55.56  58.91 61.22 65.63 - 66.25
plus ©39.42] 33,70 58.68  59.97 56.92  60.18 68.33.  59.96
Tween 80' 35, 89d ©39.84  57.01.  51.55  59.82  58.39  64.91.  69.01

'aSee Table I for description. -
bSpanfSO (sorbitan;monooleate),
cTween'SO (polyoxyethylene sorbitan monooleate),

dMissing.value estimated for statistical analysis.

cc



TABLE VI

ANALYSIS OF VARIANCE OF STABILIIY INDICES FOR- 25% MILK
FAT-WATER EMULSIONS PREPARED WITH EMULSIFIER SYSTEMS
HAVING A MONOSTEARATE OR MONOOLEATE SIDE CHAIN

36

Source ss MS -

df
Total 47 6,162,722 -
Usage level (A) 3 5,834.44  1,944.81%  1,185.86°
Replicates in usage level 4 - 6.55 1.64
Emulsifier system (B) 1 21.64 21.642 2.01d
A x B Interation 3 7.99 2.66 0.24d
Replicates x B.in usage level. 4 42.99 10.75

32 249.11 7.78

Duplicates in A x B

a
b

Tested by 'Replicates in usage level' MS.
Tested by 'Replicates x B in usage levelY MS. -
°p < 0.01,

dNot significant; P > 0,05.



TABLE VII

STABILITY INDICES FOR 25% TRISTEARIN-WATER EMUL-
SIONS CONTAINING SINGLE OR BINARY EMULSIFIER
SYSTEMS HAVING A MONOSTEARATE SIDE CHAIN .

Emulsifier:Systema.(l.O%:of'the.fat)"
Tween 61 Span 60 + Tween 60

'HLB 9.6
b 49.22
43.24 45.79
45.30 43,30
47.80 45.09
Total 136.34 - 183,40

Mean  45.45 45,85 -

aSee Table I for description.

b, .. v .
Misging data; tristearin solidified during analysis. :

o



TABLE VIII

MANUFACTURER'S AND GAS LIQUID CHROMATOGRAPHY
DETERMINED HYDROPHILE-LIPOPHILE BALANCER
VALUES -FOR VARIOUS EMULSIFIER SYSTEMS

38

UETI ‘Manufacturer " GLcC

Emulsifier System HLB - a4
Sspan60 4 440
Tween 60 - | 14,92 14.90
Tween 61, ‘ - 9,67 10. 40
Tween 81 | 10.0° 10.80
Span 60 plus Tween 60 9.5b 10.15°
Span 60 plus Tween 60 9.6b' 9.73.
Span 60 plus Tween 60 9.zsb ' 9.58
Span 60 ﬁlus Tween .60 10.'0b 9,30%
Span. 80 plus Tween 80 A 9.6° 9.70
Tween 61 plus Tween 81 9.75b

10.68

aHLB according to manufacturer's label.
bHLB;calculated‘using manufacturer's algebraic formula,
cSee'reference;.«Mickle et.al. (17).

dAverage.of 2 determinations.

ePos’sibly,reversed}during analysis ‘procedure; would not affect re-

sults in Table II, III, V or VII (P> 0.05).
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TABLE IX (Continued)

Saméie Matefial _

Tristearin:

" Tube .
Number Anhydrous Span-60:
(5 ml,)- Milk Fat Tristearin. Span. 60 Tween 60 Tween.60 (1:1:1)
- - mé (dry)
23 5.3 2.82 3.852
24 A 2.8P 3.85P
A) Total,iecOvery (mg) . 91.5 61.1 78.9 108.0 123.0 - 124.2
(B) Applied to column (mg)+-95.2° .. 69.8 82.2 88.5 122.0 120.0

Total % recovery. =~ 96.11 87.54

96.22

- 110.50

100.80 103.50

abCollected’togethe_r- as a 10 ml., fraction.

% Recovery =-% (100) .



Milligrams

Milligrams

Milligrams

Milligrams

50+
404

304

20
104

404
304
204
104

50+
40

304

Tristearin

O-L—WLquHI‘V_'"'l"".'b"’f"_‘

' Tube Number (5 m1.)
Figure 1. Florisil Chromatography of Tristearin

Span 60

O'W%(—-r.ruﬁsjuwnusuﬁ‘uﬂl

12 4 6 8 10 12 14 16 18 20 22 24
Tube Number (5 ml,) C : B
Figure 2. Florisil Chromatography of Span 60 5

Tween 60

12 4 6 8 10 12 14 16 18 720” 22. 2
Tube Number (5 ml.,) . - S
Figure 3. Florisil Chromatography of Tween 60

Y ] Le . 14 Ty - " S
1 2 4 6 8 10 12 14 Fl@;”ilB_ 320k 22 24
‘ Tube Number (5 ml.) = '

Figure 4. Florisil Chromatography of Tristearin:
' "~ Span 60:Tween 60 (1:1:1)
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TABLE X

PER' CENT RECOVERY -OF TRISTEARIN, SPAN 60, -AND TWEEN
60 MIXTURES FROM FLORISIL CHROMATOGRAPHY -

Mixture

1 . 2 -
Peak? Theoretical Observed 9P Theoretical Observed %P

*— ——— ”-fﬁmg‘ | e N
A (Trestearin) 40,7 41.1 100,98 40.02 34,70 "86.71
B (Span.60) 40.7 43.0 105.65 40,01 43.60 108.97
C (Tween.60) 40.6 38.9 95.59 39.97 45,90 114.69

Total" 122.0 123.0 - 120.00 124,20
c

% Total Recovery. 100.8%" 103.59

aSeerFigure 4,

b%Peak Recovery = [(Qbserved for peak):(Theoretical for peak)]100.

% Total ‘Recovery = (123 mg + 122 mg) 100. .

d%eTotal Recovery = (124 mg + 120 mg) 100.
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TABLE XI -
LIQUID SCINTILLATION COUNTS  FROM FLORISIL CHROMA-.

TOGRAPHY -OF UNPURIFIED RADIOACTIVE SPAN AND TWEEN

i

-‘Solvent System:

Tube 3H—Spaﬁ .3H4Tween
Number Observed Observed
. (5.ml.) cpMa cPM3
e e ™ - lx 10-4 s

1 0.0218 - 0.0051

o 2 0.1464 0.4638

g 3 0.4155 0.7891

8 4 0.1157 ' 0.3054

2 5. 0.0584 0.1466

6 0.0500 0.1220

7 0.0372 0.1088

8 0.0359 0.0942

o 9 0.0424 : 0.0720

S 10 0.0454 0.1237

2 Al 4.3914 5.7571

a .k 5.0535 5.1580

42713 1.7474 1.1795

£5nl4 0.5524 . 0.3861

+8 15 0.2942 0.3606

2 16 0.2177 0.2386

Lo 17 0.2161 0.3256

8 3518- 0.2232- 3.2611

58519 2.0676 6.2156

A 3520 1.2632 _ 3.3289

g ud21 £ 0.9317 2.4175

- § Ha22 0.7490 1.7983

9 423 0.6121 1.4428
< 724

0.5343 1.1295

aCPM not corrected for machine :efficiency.

'
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TABLE XII

RADIOACTIVITY OF PURIFIED SH-SPAN-STOCK

FROM FLORISII. CHROMATOGRAPHY

) .. (B)
Tube - ' . . Solvent Total CPM % of
number Observed Background  Total eluted observed
(5 ml, each) CPM .~ CPM " CPM® per solvent CPM
1 x 1073

1 0.067" 0.050 0.031
g 2 0.044 0.000
Q- 3 0.039 : 0.000
g 4 0,037 0.000
M 5 0.029 : 0.000
6 0.046 ‘ 0.000
7 0.053 | 0.000

8 0.041 ) 0.000 0.031 0.04
- 0.181 0.051°  0.236
3 & % 10 0.196 0,261
21 @ 5 1 23.174 . 41,671
D ANE 12 8.628 15.457 -
gl 25w 13 2,576 ; 4.550
9l gmg 14 1.140 1.963
o3| = 15 0.623 . 1.031

2 16 0.426 0.676 65.845 - 94,17
. i7- 0.281 0.083 0.414
g % 18 0,628 1 0,982
2% 19 0.661 ' 1.042
a%%% 20 0.385 0,544
- G4 21 0.277 0.350
2E S 22 0.246 ; 0.294
S&n8 23 0.175 , 0.166

2, T 24 . 0.224 0.254 . 4,046 5.79

o Total 69.922 "~ 100,00
Control 43,787 78,910

% Recovery .88.61

ol

aTotal CPM = (A -~ B) # C; where C = counting efficiency of 0.5549.



RADTOACTIVITY OF PURIFIED

TABLE XIII

3

H-TWEEN

STOCK FROM FLORISIL CHROMATOGRAPHY:

45

@)

(B>

Tube . Solvent Total CPM % of
number "Observed background. Total eluted - Observed.
(5 ml. each) CPM CPM CPM2 per solvent. CMP
— _ : : ' -
1x10°3
1 0.243 0.116 - 0,229
, 2 0.176 | 0,108
g 3 0.123 0.013
g 4 0.086 0.000
g 5 0.142 0.047
M 6 0.125 0.016
7 0.127 0.020
L 8 0.112 0.000 0,433 - 0.57
8 % 9 0.100 0.135  0.000
el g 10 0.113 : 0.000 -
w| o _ 11 2,426 4,129
w8,k 12 1.337 ; 2,167
gl Jg¢% 13 0.555 0.757
a1 58 14 0.408" 0,492
| & o 15 0.380 0.360
2 16 0.348 0.384: 8.289 11.00
17 0,381 0,124  0.443
.8, & 18 5.337 ' 9.396
SgZ 19 15.235 27.237
, 2.9 % 20 7.495 13.286
Qg 21 4,049 7.075
SE T 22 2.508" 4,297
o g 23 1.652 2,754
< 24 1.207 2,132 66.619 88.42
o L - Total 75.342 199,99
Control  66.557 119.966

7 Recovery 62.80.

aTotal CPM = (A - B) + C; where C = counting efficiency.of 0.5548.



Radioactivity (cpm x 103)

Radidactivity (cpm x 103)
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50
40+ |
30 3 - .
H-Span 60
20+ RN
10+ | ‘
0 L) 4 1 ] L) v ] L 4 .} L ) .,==i " 2 v T vv";"’ -
1 2 4 6 8 10 12 14 16 18 20 22 24
' :hmeNmﬁer(Smld_ | -
Figure 5. Florisil Chromatography o£ 3H—Spap 60. s
50+
404
3p-Tween 60
304 H-Tween
204
10 4
0 | ANREE JUMNY BENNS SN AN S s aemas | T T T
1 2

4 6 8 10 I2 14 16 18 20 22 24
Tube Number (5 ml.)fﬁ . ' c

Figure 6. TFlorisil Chromatographyldf‘aﬂ¥$weén‘60



TABLE XIV:

CONCENTRATION OF- SPAN AND TWEEN EMULSIFIERS AT A TRISTEARIN—WATERa INTERFACE

Séecific Agtiﬁity | \ « ' '”VEmulsifier Conéentrafion _

Emulsifier -Triéteérin plué T Tristearin-water 7Tristeafin'plus Triéteafin;watér ' Chéﬁge at
system H~emulsifier stock Interface . “H-emulsifier stock Interface Interface
3 -6% -6

H-Span 473 : 1,290 0.0454 x 10 0.124 x 10 +2.73
3, -4 -6

‘H-Tween 1,056 1,534 6.847 x 10 9.946 x 10 +1.45
3H—Span 6 -6

plus 1,045 231 4.6569 x 10 6.542 x 10 +1.41
3

H-Tween

aDistilled water,

bl.OZ»usage level.

CCalculation of span concentration: Speecific activity of SH-Span stock = 2,3354 x~lO4 cpm/mg;

mol. wt. span 60 = 430.5; or 1,0 mg =.0.2245 x 107> M.

Mole Span/mg mixture =

(0.2245 x 1075 M/mg) (4.73 x 10> cpm/mg)

7 0.0454 x 107° M/mg.
2.3354 x 10" cpm/mg

dCalculation._of Tween concentration; like above but used mol. wt. of 3070.5.

K



CHAPTER V
SUMMARY AND CONCLUSIONS:

An "F" test indicated that emulsifier usage level had a significant:
effect upon.the stability.of -a 257 milk fat-water emulsion (P < 0,01), :
The other variables: whether emulsifier HLB values.of 9.5 to 10.0 were
used, whether an emulsifier system was.é single component or .a binary
mixture, and.whether the emulsifier\contained a saturated or unsaturated-
fatty acid sidg chaihthad no significant effect on the stability-of<a
25% milk fat-water emulsion (P > 0,05). Like the milk fat emulsionms,
thg stability of .a tristearin-water emulsion was not appreciably affected
by replacing a single.component emulsifier system with a binary mixture,

Florisil:chromatography.of a tristearin:Tween 60:Span,60 (1:1:1)
mixture. showed that the tristearin was eluted:by benzene, Span 60 by
methanql:diethyl ether (1:7) anleween,60 by acetone:dioxane:methanol-
(1:1:1) to give total gravimetric recoveries of 100.8% and 103.57% for
tyo separate columns. A reductionrin«total radioacﬁivity‘yecovered was.
observed. for mixtures containing~3H-Span and’SHvaeen, butlthe elution -
sequeﬁce.of'these radioactive compounds was used to confirm the identity
of&the‘emulsifier peaks observed gravimetrically. Radioactivity measure-
ments, of ‘tristearin having 1.07% levels of‘purified‘BH;Span or 3H—Tween
emulsifier stoecks showed tﬁat thelconcentratioq of Span 60 at a.tris-
tearin-water intgrface'waé 2.73=fold greater than it was 'in.the tris--

tearin before the interface was formed. Correspondingly, a 1l.45-fold,

48 -
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increase .in Tween 60 concentration was qbserved,af-a“tfistearin—watér;
interface when compared to the original tristearin-Span 60 mixture.

. Similar radioactive measurements at é;tristearin-water{integface con-
taining: (a) Span 60 only had an emulsifier concentration of.0.124 x-
1076

M/mg, (b) Tween 60 only had an emulsifier concentration of 9,946

X 10-6 M/mg,‘andr(c),an equal weigﬁt mixture of Span:60:Tween 60 had a
total emulsifier concentration of 6.524 x@10f6'M/mgvof dried interfacial
material. Therefore, no increase in the:total concentration of .emulsi-
fier molecules (stergoghémigél.packing) was evident at a tristearin-.
water interface when a single emulsifier was replaced by a binary mix-

ture of identical chemical ‘type, HLB:value, and usage level,
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