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TABLE IV 
Gas Chromatographic Analysis of Octadecadienoate and of 

Its  Crystal and Filtrate Fractions 

Total diene 
trans 44.7% 

Cenjugatable diene 
19.7% 

Fractions 

Crystalline (28%) Filtrate (72%) 
trans 52.1% trans 37.9% 

Conjugatable diene Conjugatable diene 
26.6% 14.6% 

Peak (~o W't. P e a k  % }Vt. 

" ( A 30.8 14.1 
B 42.0 19.9 
C 20.1 40.7 
D 7.1 24.1 
.... I ...... E 1.2 

Peak ] % Wt. 
I 

BA 34.0 
47.7 

C 15.7 
2.6 

complex relat ion of cis,trans isomers of octadecadi- 
enoates to their  solubility characteristics. Thus the 
proport ions of trans esters change only slightly on 
fract ional  crystallization. Isomers corresponding to 
peaks C and D tend to concentrate in the crystal  
fraction, and the trans content in this f rac t ion  also 
increases somewhat. 

Oxidative cleavage of the dienoic acids results in 
two dibasic acids, one tha t  includes the original car- 
boxyl and the other tha t  is formed f rom the carbon 
atoms between the double bonds. The shorter  dibasic 
acids are largely  formed f rom this group between the 
double bonds. Fo r  example, C6 dibasic acid is formed 
f rom 9,15 dienoic acid which results f rom hydrogen-  
ation of the 12 bond. The 50% value for  Co acids 
results f r o m  the large amount  of acids in which the 
9 bond is still in the original  position. 

The tr iene fract ion appears  to undergo compara-  
t ively little change dur ing  hydrogenat ion.  I t s  iodine 
value is 250, and it contains about 2% conjugated 

diene but  no conjugated triene. Alkali conjugatable 
triene comprises 97.3% of the fraction. 
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Some Characteristics of the Membranes 

Oil Emulsions in Protein Solutions I 

Protecting 

J U A N  M. M A R T f N E Z  M O R E N O ,  C. G O M E Z  HERRERA, E. M/{RQUEZ D E L G A D O ,  
C. J A N E R  D E L  V ALLE,  and L. D U R A N  H I D A L G O ,  Instituto de la Grasa y Sus Derivados, Seville, Spain 

Expressed olive juice contains emulsified globules of olive oil. 
Electron photomicrographs of these globules show a rough 
membrane protecting them against coalescence. Some features 
of the membranes, such as the existence of "Doles" and de- 
posited microcrystals, are disclosed by the photographs and by 
electron diffraction patterns. Heavy metals appear to concen- 
trate in the membranes and not in the aqueous medium. 

W 
HEN" A N  OIL P H A S E  i s  dispersed into a water  
phase, or conversely, the droplets  formed tend 
to coalesce because of surface forces, cohesion, 

and differences in density. The emulsion is stabilized 
when these forces are counteracted by other forces 
prevent ing  the droplets f rom coming into direct  con- 
tact  with one another.  The viscosity of the continuous 
phase plays a role here, bu t  a more effective preven- 
tion is the format ion  of a bar r ie r  of electric charges 
sur rounding  the droplets  or of a thin film of a th i rd  
substance with  affinity for  both phases. Both may  act 
simultaneously.  

Na tu ra l  emulsions of the "o i l - i n -wa te r "  type  are 

i Presented at  the 50th annual  spring meeting, American Oil Chem- 
ists' Society, New Orleans, La., April 20-22,  1959. 

often stabilized by  lipoproteins, which fo rm a very  
thin layer  sur rounding  the droplets.  This discovery 
was made by  Ascherson who proposed the name "hap- 
togen m e m b r a n e s "  for  these films in 1840. Milk is a 
typical  example of this kind of emulsion and the one 
most extensively studied to date. Pa lmer  and co- 
workers devoted 20 years  to the s tudy of the mem- 
branes protect ing the fa t  droplets in milk, and the 
techniques developed by him for  the isolation of these 
membranes  have been used by  m a n y  other investi- 
gators  to s tudy  milk and other na tu ra l  emulsions. A 
recent book on this subject (1) constitutes a very  use- 
ful  up-to-date s tudy  with m a n y  references. 

Our  interest  in these studies was aroused because 
an oil-in-water emulsion also forms when olives are 
ground in the first step for  the extract ion of their  
oil. In  this emulsion the olive oil droplets are pro- 
tected by  l ipoproteie membranes  formed at the ex- 
pense of the substances dissolved in the juice of the 
olives. The extract ion consists of two steps: separa- 
tion of the emulsion f rom the solids present  in the 
ground paste, and settling or eentr i fugat ion to free 
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the oil f rom the water  phase. Difficulties arise in 
the settling because the mill ing and beat ing action 
decreases the densi ty  differential between water  and 
oil phases. Thus, f rom the densi ty of the membranes  
and their  mean thickness, calculations show that  drop- 
lets less than  20 microns in diameter  have the same 
specific g rav i ty  as the liquid medium. They cannot 
be separated by centr i fugat ion alone. I t  is estimated 
that  every year  in Spain  about 10 million pounds of 
oil are lost in the emulsion of oil present  in the waste 
liquid f rom the olive-oil mills. The presence of the 
membranes  interferes  in the separat ion by making the 
flow of the oil droplets  through the solid particles of 
the paste more difficult. Consequently we are devot- 
ing nmch at tent ion to the s tudy  of these emulsions. 

The more stable emulsions are formed dur ing  the 
mill ing and extraction. The oil occurs in the cells 
of the olive f ru i t  in t iny droplets,  abont 2 microns 
in diameter.  These droplets however easily join to- 
gether to make greater  droplets, and the coalescence 
can be observed under  the optical microscope. The 
stable emulsions begin to fo rm only a f te r  the tissue 
s t ructure  has been destroyed by crushing and grind- 
ing and the juice of the f ru i t  is liberated. Thus the 
mill ing and beat ing processes arc a compromise be- 
tween the need for  destroying the tissue to free the 
oil and the inconvenience of emulsion formation.  By 
the beating action, most of the oil is segregated into 
large globules or continuous layer's easy to extract,  
but the rest of it forms an emulsion. I f  the oil globules 
in this emulsion have a diameter  less than  about  50 
microns, they remain  unextraeted in the solids of the 
l)aslc or arc drained out with the waste lifluids. Only 
a minor pa r t  can be recovered ft 'om the liquid wastes 
by ccntr i fugat ion or decantation. 

Emulsions similar  to those formed in the oil mills 
ca,l I)c prepared  in the labora tory  by s t i r r ing a mix- 
ture of ()live oil with the filtered water-phase f rom 
oil extraction (called in Spain alpcchincs). The gen- 
eral features  of these emulsions and the techniques 
folh)wed for the isolation and aualysis of the mem- 
I)ranes are dcscril)ed in previous papers (2).  I n  a 
(.ommunieation presented at the Third (~ongress of the 
International  Society for  Fatsciemu~ (:~) we repor ted 
our stmtics on methods of destroying membranes  and 
of inhibiting their  format ion by the addit ion of small 
qmmtit ics  of alkyl-aryl-sulfonates.  

In this paper  we describe more recent studies on 
the s t ructure  of the membranes  and on their  abil i ty 
to adsorb atoms or ions of heavy metals selectively. 

FI(I. 1. (Negative). Gh)bulc of olive oil 2.', ) microns in (liam- 
eter. Shadowing with gold nnd imlladium. 

diameter  with shadowing with g~)ld and 1)alladium. 
The membrane  is (:learly shown at  the edges of the 
droplet  and in the rngosi ty  or wrinkl ing of the sur  
face. F igure  2 shows a droplet  of approx imate ly  the 
same size without any  shadowing. Some detail  on the 

Electron Microscope Studies on 
Structure of the Membranes 

Emulsions of olive oil in the juice of the olives 
have p,'oved to be very  good subjects for s tudy  by 
electron microscopy. The only necessary pre t rea t -  
ment is dilution (about  1:1,000) of the samples. No 
shadowing was employed in most of the photographs 
obtained, and no replica technique was needed. 

A series of about  600 photographs was taken by 
one of our collaborators in the laboratories of the 
Centre National  de la Recherche Seientifiquc near  
Paris.  We have selected some of these and some of 
another  series taken in the Ins t i tu to  de Optica and in 
the Inst i tuto  Agron6mico, both in Madrid. The first 
three figures support ,  by photographic  evidence, in- 
format ion a l ready established by  other techniques. 

F igure  1 (negative) shows a droplet  2.2 microns in 
Fro. 2. Globule showing microcrystals on surface. 2qo 

shadowing. 
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]OIG. 3. lhtpture of globule showing layers. 

surface is readily diseernihle, and microerystals of 
metallic salts arc believed to be precipitated on the 
surface. 

Figure  3 shows the splitting of an oil globule by 
a beam of electrons. The membrane looks like an egg 
shell and appears to havc the eharaeteristies of a solid. 
Two layers may be seen in the shell. This picture was 
obtained by increasing the stre, ngth  of the electron 
beam directed thrmlgh a droplet supported on a film 
of cellophane. Although it was known that sueh rup- 
tures were frequent, it required many photographs to 
eateh a rupture  across the middle of a droplet. 

The electron photonficrographs show other char- 
acteristies of these droplets and their mculbranes 

FIG. 4. F'st globules with pole. Arrow points to pole. 

that we have found difficult to interpret. One grou]) 
of these characteristics is associated with a singular 
spot or pole on the membrane and the other group 
with clusters formed when emulsions were formed by 
exposure to ultrasonic waves. The " p o l e "  occurs iu 
many of the droplets where the membrane is thicker. 
It is often found on the upper  side of the droplets as 
shown in Figure 4 (arrow).  The pole is mueh easier 
to observe when it is on the edge or in profile position 
(Figure  5). The frequency of the observation of these 
poles approached 50%, suggesting that  every mem- 
brane contained a pole. 

I t  is difficult to explain the reason for the existence 
of these poles. They could be holes in the membrane 
through which the oil is beginning to leave a,~(t to 
spread out the residue of the membrane, llowever 
the presence of a hole does not explain the greater 
apparent  thickness of the membrane adjacent to this 
pole or the gradual  decrease in the apparent  thick- 
ness away front the hole. Such thicknesses are eom- 

Pt(;. 5. F:~t g]obuh, with pole. Arrow points to pole. 

mort to eertain other natural  sphincters, lilt is also 
diffieult to explain why the breakdown of the mem- 
brane should oeeur in one single spot eaeh time. 

Another  curious phenomenon is the subdivision of 
droplets observed when emulsions are prepared by 
means of ultrasonics. Simple meehanieal stirring re- 
sults in emulsions wherein the droplets are isolated 
and are fair ly constant in size (1 to 5 microns). Drop- 
lets greater than the field of the mieroseope were 
seldom observed. Interracial  tensions, viseosity, and 
other physical factors effeeted by the emulsifying, 
thickening, stabilizing, and other factors present are 
probably responsible for this. When ultrasonies are 
employed, the droplets tend to appear as clusters, 
with the forms of these clusters suggesting to us 
that they were formed from greater drops by sub- 
division. Nevertheless it is difficult to explain how 
the membrane walls in the cluster shown in Figure  
6 developed from the previous membrane. In Fig- 
ure 7 the emulsion was treated with a small quan- 
t i ty of a weak solution of triehloroaeetic acid to give 
thinner membranes and to permit better observation 
of the inner subdivisions. 

In  F igure  8 an odd formation is shown that was 
apparent ly  formed by several droplets coming to- 



NOVEMBER, 1960 MORENO ET AL.: ME~IBRANES 1)ROTECTING 585 

gether. The greater thickness of the external walls 
of the tube may be noted. 

Unfor tunate ly  we have not, up to date, been able 
to obtain electron photomicrographs of the droplets 
as they are in the undamaged olive fruit.  This would, 
of course, necessitate more sophisticated techniques, 
such as special microtome, fixation, etc., which were 
not available in the laboratories where we worked on 
the subject. The membranes of the droplets in the 
f rui t  must be very thin for these droplets easily join 
together whenever they come into direct contact. But  
a better knowledge of the structure surrounding the 
droplets in the f ru i t  would be very helpful for in- 
terpret ing some details of the photographs taken from 
emulsions in the f rui t  juice because undoubtedly some 
of these details must be remainders of the vegetable 
structure. 

Fro. 6. Typical cluster of fat globules from emulsion pre- 
pared with ultrasmdc wavcs. 

I:m. 7. ('luster front emulsion lr~,:,t(,d with trichloroacctic 
:.~i(1. 

Fro. 8. Odd cluster formation. 

FI(~. 9. Globule found in emulsion from imnu~tur(, olives. 

F igure  9 shows a fornlation that arises only in the 
jui?e of ()lives picked in the very early stages (four 
months before matur i ty) .  Normal droplets like those 
shown in Figures 1 to 4 were present also. Note that 
the droplet is surrounded by a sort of conglomerate 
with a great stain with neat edges including the whole 
formation. This formation might be better under- 
stood if we had photomicrographs of the undamaged 
fruit  at different stages of growth. 

:Electron Diffract ion at the Membranes  

It is commonly admitted that  the membranes are 
form(,d, at least in the imwx layers, of radially-ori- 
('nte(l mole('ales. The following scheme has bcen pro- 
I)os('(I for the structure of the membranes of the fat 
globule in milk. As shown in Figure 10, the innermost 
layer is formed of high-melting triglycerides radially 
oriented. Next there is a layer of phospholipids with 
its fa t ty  acid chains parallel to the triglycerides, with 
the polar groups oriented outward and confronting 
the hydrophilic side chains of the proteins. The long 
polypeptide axes of the protein are stretched parallel 
to the globule surface. This s t ructure should give a 
diffraction pat tern when the electron beam is directed 
for diffraction at the membrane. F igure  11 shows 



586 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 37 

such a pat tern,  but  it probably corresponds to the 
pa t te rn  of metallic salts adsorbed in the membrane. 
However with a droplet  tha t  appeared to be com- 
pressed against a solid particle we were able to obtain 

FIG. 10. Graphic representation of composition of interface. 

Fro. ]2. Diffraction pat tern  of compressed globule. 

Heavy Metals in the Membranes 
The opacity of the membranes to the electrons prob- 

ably results f rom the presence of traces of heavy 
metals adsorbed from the main solution. Analyses 
of isolated membranes for copper, iron, and other 
heavier metals showed that  the membranes contained 
many times greater  amounts than the solution. Light  
metals, such as potassium, are present in fa i r ly  high 
concentrations in the solution but  are not concentrated 
in the membram~,s. The table shows data on concentra- 
tion of a number of metals including potassium in 
membranes and juice. In Figure  13 the concentration 
of uranium in the membranes and filtered juice was 
determined af ter  the addition of small quantities of 
uranyl  ni t ra te  to the filtered olive juice, followed by 
emulsification of the mixture. Membranes were then 
isolated, ca]cinated, and ashes analyzed for uranium. 

Fro. 11, Diffraction pat tern  of f a t  globule, using electron 
microscope. 

an orthorombie pa t te rn  (F igure  12). I t  is the opinion 
of collaborators in Madrid that  this pa t te rn  was in- 
deed caused by  oriented molecules in the membrane. 

Observations in the optical microscope with polar- 
ized light furnish additional evidence that  a semi- 
crystalline phase is present in the inner layers of the 
membranes. Similar views are held by King (1),  
who observed a bi refr ingent  layer  in milk droplets 
when compressed. 
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F I G .  13. Var ia t ion of uranium concentration in membranes 
from tha t  in olive juice. 
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The eonlpara t ive ly  large amounts  of u ran ium and 
the form of the curve suggest  that  chemical combina- 
t ion and perhaps  solvation of metall ic  ions contr ibute  
to the high u ran ium content.  More work will be 
needed before definite conclusions can be drawn.  

T A B L E  I 

Metallic Content  of Emulsion Frac t ions  

Metals Oil Vegetation Mcmbranes  
water  

Iron,  p.p.m .................................. 1.9 54 3890 
Copper, p.p.m .............................. 0.02 8.6 1300 
Zinc, p.p.m ................................... 0.1 19.9 3915 
Manganese,  p.p.m ........................ 0.015 3.3 53.4 
Potassium, p.p.m ......................... 0.00 8000 1950 
Asb, % .......................................... 0 .014 1.97 9.2 
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The Temperature Dependence of Micellar Solubilization 
A. M. MANKOWICH, Coating and Chemical Laboratory, Aberdeen Proving Ground, Maryland 

T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  m i e e l l a r  s o l u b i l i z a t i o n  w a s  
d e t e r m i n e d  :in t h e  1 8 0 ~ 1 7 6  t e m p e r n . t u r e  r a n g e  b y  u s i n g  
n d y e  s o l u b i l i z a t i o n  t e e h n i q u e  w i t h  b u i l t  a n d  u u l ) u i l t  s o l u t i o n s  
o f  t h r e e  h i g h - c l o u d  p o i n t ,  c o m m e r c i a l  su r fm . t :~n t s ,  one. a n i o n i c  
o f  t he  a l k y l a r y l  s u l l ) h o n a t e  t y p e  a n d  t w o  t y p e s  o f  n o n l o n i c  
n g e n t s .  I t  w a s  f o u n d  t h a t  t h e  l o g a r i t h m  o f  s o l u l f i l i z ' t t i o n  in  
b o t h  b u i l t  a n d  n n l m i l t  s o l u t i o n s  w a s  d i r e c t l y  1 ) ro l )o r t i on ' d  to  
t e m l ) e r a t u r e  ( soh f l ) J ] i z a t i on  w a s  a n  ( ,Xl)onent iaI  f u n c t i o n  o f  
t e m l ) e r n t u r e )  a n d  t h a t  t h e  log  s o l u l f i l i z a t i o n - t e m l > e r a t u r e  s l o p e s  
o f  t he  b u i l t  a n d  u n l ) u i l t  s o l u t i o n s  o f  e a c h  s u r f a e t a n t  w e r e  
n l ) p r o x i m ; l i e l y  p a r a l l e l .  

M 
II 'EI,I ,Alg S O L I I B H A Z A T I O N  i s  considered by s o m e  

inv( 'stigators to be one of the first actions of 
the detergency mechaaism (1).  I t  is there- 

fore impor tan t  to know how solubil ization varies 
with t empera tu re  under  field conditions. Whi le  hard  
Sllrt'aee, aqueous cleaning is usual ly  car r ied  out at  
elewtted temperatures ,  most of the l i t e ra tu re  da ta  
on solulli l ization are in the low 77~176 (25 ~  
50'~(L) range (2,3,4,5,6,7). These da ta  are not eom- 
ph~te (,noug'h to permi t  the der ivat ion  of solubiliza- 
l ion- tempera ture  funetions.  But  it is possible to 
pOStl,latc lha t  in this range sohIbilizing ac t iv i ty  in- 
<;reases with increasing t empera tn rc  and the tempera-  
lure  coet~icient of solubil ization varies  with the 
surfac ' tant  (5).  

This pape r  deals with the temlIeratnre  dependence 
of the mieel lar  solubil izing power of three impor t an t  
types of sur fae tan ts  in tlle 180~176 t empera tu re  
range. Sohit ions of all three surfaetants ,  two non- 
ionic ( imquding  a po lyoxye thy la ted  a lkyl  phenol)  
and one anionic, possessed high-cloud points  and were 
clear in the t empera tu re  range studied. A dye solu- 
bil ization technique was used with bui l t  and unbui l t  
su r fae tan t  solutions. Su r f ac t an t  and bui lder  concen- 
t ra t ions  were those obta in ing in prac t ica l  detergency.  

Materials 
Surfactants. Those used in this invest igat ion were 

300% active, commercial  products .  Two were non- 
ionic agents, polyoxyethylene sorbi tan monolaura te  
(PSML)  with a molecular  weight  of 1226 (according 

to the manufac tu re r )  and pentadeeaethyhm(,  glycol 
nonyl  phenyl  ether ( I ' ( I N P E ) ,  molecular  weight 880. 
The th i rd  su r fac tan t  was an anionic agent  of the 
alkyl  arylsul l )honate  type,  sodium dodeeyl benzene 
sulphonate  (S I )BS) ,  molecular  weight  346. 

Dye. Used ill the as-received (.ell<litton, this was 
Orange OT, l-()- tolylazo-2-naphthol .  

Builders. These were A.C.S. Na,,S().~ and technical  
grade Na5P30,). 

Experimental 
The exper imenta l  technique was that  used in a 

previous  s tudy  of nlicellar  sohlbil ization (8),  with 
the following challges p r i m a r i l y  because of the higher  
temperatures .  

a) Preheating time in the water bath prior h) a<ldition of 
dye was increased to 35 rain. The internetion period renmined 
25 rain. 

b) The iltteraction test tubes were given a repetitien of the 
initiM mixing at 8 and 16 rain. after qddition of dye to 
surfactant solution. 

e) Filtration was into a receiver placed in the thermostated 
water-ha th. 

d) Aliquots of the filtrqte were diluted with 1: 1, acetone- 
water mixture prior to determin,ntion of optieM density at a 
wave, length of 425 millimierons. The dilution was made by 
pouring slightly less than 5 ml. of the hot filtrate into nn 
ice-cooled, 2'5-ml. glass-stoppered type of graduated cylinder 
eontnining 20 ml. of 1: 1, acetone-water mixture measured at 
room temperature. The cylinder was stoppered, the eontents 
were mixed and 1)rought to room temperature, and the volume 
was noted. The size of the nliquot was given by the difference 
i n  v o l m n e ,  

Results and Discussion 
Table I gives the sohill i l ization of Orange OT (each 

value the average of a t  least two determinat ions)  at 
t empera tu res  of 180 ~ 160 ~ and 140~ in solutions 
of su r fac tau t s  P G N P E ,  PSML, and SDBS in dis- 
t i l led water  and in 0.025M and 0.05M Na2SO4 and 
NazPaO,i, respectively.  F o r  each temperature ,  solu- 
bil izations are given for three concentrat ions of each 
snrfae tant .  Some of the da ta  are p lot ted  in F i g u r e  1. 
The da ta  and graphs  indicate  tha t  :in the 180~176 
range the logar i thm of solubilization is d i rec t ly  pro- 


