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Improvement of Lecithin as an Emulsifier for Water-in-Oil Emulsions 
by Thermalization 
John D. Weete*, Sucheta Betageri and George L. Griffith 
Department of Botany and Microbiology, Auburn University, Auburn, Alabama 36849 

The various forms (granular, liquid, gum) of lecithin can 
be heated under certain conditions of time and temperature 
to greatly improve their properties as emulsifiers for wate~ 
in-oil emulsions. Viscosity, discontinuous phase-holding 
capacity, stability and water retention were greatly en- 
hanced in emulsions containing thermalized lecithins as 
the emulsifier compared to those prepared with correspond- 
ing amounts of nonthermalized lecithins. The improved 
emulsification properties of the thermalized lecithins ap- 
peared to be due, at least in part, to an increase in digly- 
cerides and free fatty acids resulting from the thermal 
degradation of phosphatides. 

KEY WORDS: Diglycerides, emulsifier, gum, lecithin, phosphatides, 
thermalization, water~in~il emulsion. 

Lecithin from soybean is a mixture of phosphatides that 
consists mainly of phosphatidylcholine, phosphatidyleth- 
anolamine (PE), phosphatidylinositol and phosphatidic acid 
(1). The purest bulk form of lecithin is a powder or gran- 
dular material that contains 95-98% phosphatides, but it 
may be blended with vegetable oil to make a liquid form, 
fractionated to enrich certain phosphatides, chemically or 
enzymatically modified, or variously formulated to over 40 
differont commercially available lecithin products (2). The 
crudest form of lecithin is a gum composed of hydrated 
phosphatides derived from the early phases of soybean oil 
processing (3). Lecithins are used widely in foods and bever- 
ages, cosmetics, industrial coatings, and in animal health 
and nutrition products (4). Although it has multiple uses, 
lecithin is most commonly used as an emulsifier, mainly for 
oil-in-water (o/w) emulsions. 

Heating leads to discoloration of lecithin and is generally 
considered to be unfavorable to product quality. However, 
it has been discovered in this laboratory that heating lecithin 
under specific conditions greatly improves its properties as 
an emulsifier for water-in-oil (w/o) emulsions (5,6}. 

EXPERIMENTAL PROCEDURES 

Lecithins. Three forms of soybean lecithin were used in 
this study--granular lecithin at 95-98% phosphatides 
(Centrolex P; Central Soya, Fort Wayne. IN), a liquid form 
(Yelkin TS, Ross and Rowe, Decatur, IL) at 65% phospha- 
tides and 35% soybean oil according to manufacturer 
specifications, and the gum taken directly from soybean 
oil processing (Bunge Corporation, Decatur, AL). Water 
content of the gum was 35.4% as determined by the Karl 
Fischer procedure. The phosphatide content as acetone- 
insoluble (AI) materials was 47%, and the oil content after 
centrifugation at 2000 rpm for 10 min was 22%, accord- 
ing to high-performance liquid chromatography (HPLC) 
analysis (see below). 

Preparation of thermally altered lecithin. Unless speci- 
fied otherwise, 200-g batches of the lecithins in 600-mL 
beakers were heated separately in a forced-air oven at 

*To whom correspondence should be addressed. 

180~ for 90 min, and are referred to heroin as thermalized 
lecithins. Thermalization could also be carried out as a 
petroleum-based oil solution, but those data will be pub- 
lished separately. The products of thermalization were 
stored at room temperature until ready for analysis or 
used for preparing emulsions without noticeable deteriora- 
tion of quality. 

Absorption of light. The absorption of light by granular 
lecithin that  had been heated at different temperatures 
and times was measured in chloroform solution at 350 nm 
with a Beckman DU-65 spectrophotometer (Beckman In- 
struments, Fullerton, CA). The heated lecithin samples 
were first diluted to 5 g/10 mL chloroform, but further di- 
lutions were required for the darker samples. Therefore, 
absorbance is expressed on a relative scale of 0 to 140 (Fig. 
1A). 

Emulsion preparation. Unless noted otherwise, the dis- 
continuous phase was emulsified into the light mineral 
oil Klearol (Witco, Houston, TX), which contained a ther- 
malized or nonthermalized lecithin as the emulsifier, by 
using a common kitchen mixer at the maximum speed set- 
ting. Both the continuous (oil) and discontinuous (aque- 
ous} phases were heated to about 60~ prior to mixing. 
The aqueous phase was slowly added to the oil phase while 
mixing, which was continued for about 1 min after the two 
phases were emulsified. After emulsification, the con- 
tainers were covered with foil, and the emulsions were al- 
lowed to cool to room temperature prior to the measure- 
ment of properties, which was within 24 h of preparation. 
Emulsions were prepared in 62.5-g batches and, unless 
noted otherwise, were composed of 18 mL Klearol (Wit- 
co), 0.5 g emulsifier (thermalized or nonthermalized leci- 
thins), 4 g Gulfwax (from local grocery store) and 40 g 
water. 

Emulsion stability. Emulsions (40 mL) were placed in 
cylindrical plastic containers of 30-mm diameter and 
allowed to romain undisturbed for 24 h. Gravitational set- 
tling of the discontinuous phase was measured as the 
height of the oil layer on the emulsion surface. 

Water loss from emulsions. Emulsion droplets (8 to 10 
per slide) on glass microscope slides were weighed and 
then placed in a PAC 9900 gas exchange system (Data 
Design Group, San Diego, CA) consisting of a tempera- 
ture- and humidity-controlled plexiglass chamber. The 
temperature and relative humidity (RH) were held con- 
stant at 28~ and 35%, respectively. After 4 h in the cham- 
ber, the slides were ro-weighed, and water loss was cal- 
culated by differonc~ 

Particle size diameter. Average diameter of discontinu- 
ous phase particles (globules) was determined with a 
Shimadzu Saldi Particle Size Analyzer (Shimadzu Scien- 
tific Instruments Inc, Columbia, MD). 

Viscosity. Viscosity measurements were made with 
either a Brookfield RVF-1000 viscometer (Brookfield 
Engineering Labs. Inc., Stoughton, MA) equipped with 
a #7 spindle at 20 rpm and were noted at the temperatures 
or with a Brookfield Digital viscometer Model DV II 
equipped with cone CP-52. In the latter case. 0.5-mL 
samples were measured at 2.5 rpm and 25~ 
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FIG. 1. A. Changes in the absorption of fight at 350 nm by chloroform solutions of granular lecithin heated 
as a function of temperature and time. Samples were diluted as required to obtain absorption values that 
are presented on a relative scale of 0 to 140. B. Changes in the viscosity of liquid lecithin as a function of 
temperature and time where 200 g of granular lecithin was heated. 

Fractionation. Thermalized lecithins were partially frac- 
t ionated by  separa t ing the acetone-soluble (AS) and A I  
components .  Acetone was added to the thermalized leci- 
thin (4:1, vol/vol). The mixture  was vor texed thoroughly 
and then allowed to set  a t  room tempera ture  for 4 h. The 

AI  fraction was collected by centr i fugat ion at  2000 rpm, 
washed with  acetone and then air-dried. The solvent was 
removed from the AS fraction by  ro tary  flash evapora- 
tion. 

H P L C  H P L C  separation of the components  of thermal- 
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THERMALIZED LECITHIN AS AN EMULSIFIER 

TABLE 1 

Ternary Solvent Program for the High-Performance Liquid 
Chromatography Analys is  a 

Time Ternary solvents 
(min) A (water) B (isopropanol) C (isooctane/tetrahydrofuran) 

0 -- -- 100 
3 -- 5 95 
6 -- 15 85 
9 -- 60 40 

27 9 51 40 
42 9 51 40 
47 -- 61 40 
aSee Experimental Procedures section for details. 

ized and nonthermalized lecithin was conducted essential- 
ly by the method  of Moreau et al. (7) in a Spectra  Physics 
SP-8700 chromatograph  (San Jose, CA) linked to a 
Spectra  Physics SP-4270 Integrator.  The chromatograph  
was equipped with a LiChrosorb Si 60 chrompak  column 
(10 cm • 0.3 cm, 5 ~m; Chromopack,  Inc., Raritan, NJ) 
and a Varex Universal HPLC evaporative light-scattering 
detector (ELSDII)  (Burtonsville, MD). Detector tempera- 
ture was set  a t  100~ exhaus t  t empera ture  at  61~ and 
nitrogen pressure at 25 psi. A ternary solvent system, con- 
sist ing of water  (solvent A), isopropanol (solvent B) and 
isooctane/tetrahydrofuran (THF) (99:1, vol]vol) (solvent C), 
was used with the gradient  p rogram given in Table 1 at  a 
flow rate  of 0.5 mL/min. Solvent reequilibration between 
injections was accomplished by passing isopropanoYisooc- 
tane (60:40, vol]vol) through the column for 5 min and then 
solvent C for 35 min. Inject ion volume was 10 ~L from 
a 2-mg/mL solution of the samples. 

Fatty acid composition. The fa t ty  acid components  of 
the lecithins were analyzed as methyl  ester derivatives by 
procedures described previously by Gandhi and Weete (8). 
Free fa t ty  acids in the AS fractions of the thermalized 
lecithins were determined by standard ti tration procedures 
as described in the  AOCS Official Method Ca 5a-40 (9). 

Differential scanning calorimetry (DSC). Thermal analy- 
sis of granular  lecithin was conducted with  a TA In- 
s t ruments  thermal  analyzer model 2000 (TA Instruments ,  
Inc., New Castle, DE). Lecithn (10.2 mg) was placed in an 
a luminum sample  holder, which was left uncovered while 
scanning f rom 100 to 300~ 

were more easily demons t ra ted  with the liquid form of 
lecithin than  the granular  form, which was heated a t  
tempera tures  from 100 to 200~ for periods of 30 to 120 
min each. Viscosity measurements  were made after bring- 
ing the heated lecithin to room tempera ture  Temperatures 
up to 125~ had little effect on the viscosi ty  of liquid 
lecithin when measured a t  23~ regardless of heat ing 
time, but  higher tempera tures  substant ia l ly  reduced the 
viscosi ty with the magni tude  of effect increasing with 
t ime (Fig. 1B). For example, the viscosi ty  of 200 g of li- 
quid lecithin heated for 90 min at  200~ and then  cooled 
to 23~ was reduced 95% from tha t  of the unheated  ma- 
terial. Viscosity of the samples  heated for 120 min was 
about  85% less than  those for 30 min at  either 175 or 
200oc.  

Improvements in properties as an emulsifier. Hea t ing  
lecithin under certain conditions of t ime and tempera ture  
great ly  improved its  propert ies  as an emulsifier for w/o 
emulsions. Initially, granular  lecithin was heated for 60 
min at  tempera tures  from 100 to 250~ and used as the 
sole emulsifier for the  prepara t ion of emulsions contain- 
ing 40% sucrose as the discontinuous phase. Increases  in 
discontinuous phase-holding capacity and emulsion visco- 
si ty were used as evidence for the improvement  in the pro- 
perties as an emulsifier. Holding capaci ty  increased for 
emulsions prepared with lecithin heated at  175~ and pro- 
gressively increased by up to 77% for emulsions made  
with  lecithin heated a t  250~ (Table 2). Similarly, emul- 
sion viscosi ty increased beginning with those prepared 
with  lecithins heated at  175~ and increased sixfold for 
those containing samples  heated a t  200~ Emuls ions  
prepared with lecithin heated above 200 o C were unstable, 
and viscosi ty  could not  be measured.  

To determine the op t imum heating t ime for the improve ~ 
ment  of lecithin as an emulsifier, granular  lecithin was 
heated at  180~ for 15 to 480 min. The holding capaci ty  
and viscosi ty increased 63% and eightfold, respectively, 

T A B L E  2 

Properties of Emulsions Prepared with Granular Lecithin Treated 
Under Different Conditions of Temperature and Time a 

Heating time (min) Holding capacity Viscosity b 
and temperature (~ (g) (cps) 

Temperature for 60 min 
100 
125 

RESULTS 150 
175 

Discoloration. Browning of the lecithins increased as a 200 
function of t ime and temperature.  Granular  lecithin was 225 
heated for 30 to 120 min a t  125 to 200~ and the brown- 250 

Time at 180~ 
ing intensi ty  was measured as absorbance a t  350 nm in 15 
chloroform solution (0.5 g/10 mL). Discoloration increased 30 
with increasing tempera ture  and with  t ime at  each 60 
temperature,  beginning with amber  to brown and then  to 9o 
dark brown-black. Max imum absorption was observed in 120 
samples heated at  175~ for 120 min and 200~ at  60 to 240 

48o 
120 min. (Fig. 1A). Similar results  were obtained with li- 
quid lecithin and gum. 

Changes in viscosity. When heated under  conditions 
tha t  improved the propert ies  of lecithins as emulsifiers 
(see below), granular lecithin became a thick, dark  brown- 
black tar-like material .  Therefore, changes in viscosi ty  

101 2000 
101 2000 
101 2000 
131 4000 
149 12000 
167 
179 

95 2000 
113 2000 
131 6000 
143 11000 
155 16000 
149 12000 
155 10000 

aEmulsions were prepared with 0.3 g granular lecithin heated as 
described, 5.7 g Klearol {Witco, Houston, TX), and 40% sucrose at 
the amount indicated. 
bViscosity measurements were made at 22-23~ and at 20 rpm 
with a Brookfield Viscometer (Brookfield Engineering Labs, Stough- 
ton, MA) equipped with a//7 spindle. 
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for emulsions prepared with lecithin heated up to 120 min. 
Holding capacity did not increase further at longer heat- 
ing times, and viscosity declined for emulsions prepared 
with lecithin heated for 240 min or more (Table 2). 

To verify that the emulsification properties of various 
forms of lecithin can be improved by heating, several pro- 
perties of emulsions prepared with thermalized granular, 
liquid and gum lecithins were compared with those con- 
taining the corresponding nonthermalized lecithins. The 
viscosities of emulsions might be expected to be directly 
correlated with the amount and quality of the surfactant 
used as the emulsifier. For example, the viscosity of emul- 
sions prepared with 0.1 to 2.5 g thermalized granular 
lecithin increased from about 1800 cps to 14,000 cps (Fig. 
2). Stability to gravitational settling increased with in- 
creasing emulsifier content where essentially no settling 
was observed after several days (Fig. 2). 

The viscosities of emulsions prepared with thermalized 
lecithins were indeed substantially higher than those pre- 
pared with the corresponding nonthermalized lecithins. 
Emulsions prepared with thermalized granular, liquid and 
gum lecithins were 153, 61 and 200% higher than those 
made with the corresponding nonthermalized materials, 
respectively (Fig. 3A). In another example, it took 20 times 
more liquid lecithin in an emulsion for a viscosity that 
was approximately the same as that prepared with 0.5 g 
thermalized liquid lecithin (data not given). 

The globules (particles) of emulsified aqueous phase 
were considerably smaller in the emulsions prepared with 
thermalized lecithins. For example, average particle di- 
ameters were 71, 87 and 63% smaller in emulsions pre- 
pared with thermalized granular, liquid and gum lecithins, 

respectively, than those in corresponding emulsions made 
with the nonthermalized materials (Fig. 3B). 

Emulsion droplets on glass microscope slides were 
placed in a temperature- and humidity-controlled chamber 
with a high evaporative demand atmosphere, and water 
evaporation was measured as weight loss of the slides. 
After 4 h, emulsions prepared with nonthermalized granu- 
lar, liquid and gum lecithins lost 30, 42 and 63% more 
water, respectively, by evaporation than the emulsions 
made with the corresponding thermalized materials (Fig. 
3C). 

In view of the above results, emulsions prepared with 
thermalized lecithins might be expected to be more stable 
than those made with nonthermalized lecithins. Therefore, 
stability to gravitational settling of the discontinuous 
phase was determined. When allowed to set undisturbed, 
emulsions prepared with thermalized granular, liquid and 
gum lecithins showed 47, 40 and 69% less settling than 
the corresponding emulsions containing the nontherma- 
lized materials (Fig. 3D). Stability to centrifugation was 
also determined. For example, when centrifuged for 10 
min, only 1000 rpm were required to break (phase separa- 
tion) emulsions prepared with nonthermalized gum com- 
pared to 5000 rpm for the emulsion prepared with ther- 
realized gum (data not given). 

Fractionation and analysis of therraalized lecithin. Ther-  
malized granular lecithin was separated into AI and AS 
fractions, which composed about 50% each of the original 
material (Fig. 4). However, the ratio of these fractions 
varied slightly with the batch of thermalized lecithin and 
with the form (granular, liquid or gum) of lecithins used 
(data not given). The AI fraction contained phosphatides 
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FIG. 2. Changes in emulsion viscosity and discontinuous-phase sett l ing as a function of amount of thermalized granular lecithin used 
as the emulsifier. Measurements were made within 24 h after emulsion preparation. 
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Granular Lecithin (98%) 
(Phosphatides) 

i 180~ 90 min 

Thermalized Lecithin 
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(50%) 50%) 

Phosphatides ~ M  
Alcohol-insoluble PL 

material ("polyme#') (1 ~) ~ /  G 
TGu ~ 1 2 % )  

(3%) 

DG 
(77%) 

=FA 
3%) 

FIG. 4. Thermalization and fractionization of granular lecithin. PL 
---- phosphatides, MG = monoglycerides, DG -- diglycerides, TG = 
triglycerides, FFA = free fat ty  acids. 

and an AI material believed to be a polymer {data to be 
reported separately}. The AS fraction was a mixture of 
mono- (12%}, di- (77%} and triglycerides {3%}, free fatty 
acids (8%) and phosphatides (1%}, according to HPLC and 
titration analysis. This is a substantial change in composi- 
tion, considering that the granular lecithin used for ther- 
malization contained 95-98% phosphatides. Similar 
trends were obtained with liquid lecithin and gum, but 
the final composition was influenced by the composition 
of the starting material for thermalization, e.g., therma- 
lized liquid lecithin had a higher triglyceride content than 
the other forms of thermalized lecithin because the start- 
ing material contained 65% triglyceride. 

Fat ty acid compositions of the thermalized lecithins 
were essentially unchanged during thermalization. The 
fatty acid composition of thermalized granular lecithin 
was palmitic acid {20.4%}, stearic acid {4.6%}, oleic acid 
{7.3%}, linoleic acid {60.6%) and linolenic acid (7.1%}. 

DSC analysis of granular lecithin indicated that  there 
is considerable reaction activity in the 170 to 210~ rang~ 
There was a major endothermic peak in the thermogram 
from about 184.03 to 190.88~ and endothermic 
shoulders at about 172, 180, 186 and 188~ that indicated 
additional reaction activity. Als(~ a major broad endother- 
mic peak occurred from about 250 to 280~ 

Emulsification properties of A I  and A S  fractions. To 
assess the extent to which components of the AI and AS 
fractions contribute to the improved emulsification pro- 
perties of thermalized lecithins, viscosities and discon- 
tinuous phase-holding capacities were determined for 
emulsions prepared with different ratios of AI and AS 
fractions. The viscosity and holding capacity for the emul- 
sion, prepared with 0.5 g of the AS fraction as the emul- 
sifier, were 58 and 30% higher, respectively, than the emul- 
sion prepared with the unfractionated thermalized lecithin 
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FIG. 5. (A). Viscosities and 0B). discontinuous phase-holding capacities 
for emulsions prepared with acetone-insoluble (AI) and acetone- 
soluble (AS) fractions of thermalized granular lecithin alone and in 
various ratios. The square ( i )  represents the value for unfractionated 
thermalized lecithin. Except  for the emulsifier, the composition of 
emulsions were as described in Figure 3A. 

(Fig. 5). Both the viscosities and holding capacities of the 
emulsions decreased esentially linearly with increasing 
proportion of AI fraction in the emulsifier mix. 

DISCUSSION 

Heating for a sufficient time and temperature alters the 
appearance, composition and properties of lecithin. The 
expected discoloration, or browning, was observed when 
the three forms of lecithins used in this study were heated. 
Scholfield (10) has reviewed studies relating to the brown- 
ing of lecithin due to heating, which is generally believed 
to be due to Maillard-type reactions involving amines (PE) 
and aldehydes {11,12}. The browning reaction between 
acetaldehyde and phospholipid was proportional to the 
amount of PE added to the reaction mixture {13}. In this 
study, the disappearance of PE corresponded to forma- 
tion of the brown coloration of the heated lecithin {data 
to be reported separately}. It has been suggested that the 
brown material formed during the heating of lecithin is 
a polymer that retains the structure of the original lecithin 
(14-17} and is formed by the reaction of aliphatic carbonyl 
compounds generated by the oxidation of unsaturated fat~ 
ty acids, with PE {18}. 

Lecithin is an effective emulsifier for o/w emulsifions 
because its hydrophilic-lipophilic balance is in the 5-6 
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range, and it  is widely used as such (4). However, in spite 
of browning, heat ing under certain conditions of t ime and 
tempera ture  t rans forms  the various forms of lecithins 
into improved emulsifiers for w/o emulsions (5,6). In  ad- 
dition to water  or 40% sucrose used as the discontinuous 
phase  in this study, thermalized lecithins can be used to 
effectively emulsify a wide range of organic and inorganic 
solutions in the  p H  range of 3 to 9 (5). 

Reduced viscosi ty  and improvement  of lecithins as an 
emulsifier for w/o emulsions by  thermalizat ion can be ex- 
plained by changes in composition, i.e, reduction in phos- 
phat ides  and corresponding increase in neutral  lipids, 
mainly  diglycerides. Diglycerides result f rom the break- 
down of the phosphatides,  which is suggested by the re- 
sults with thermalized granular  lecithin, whereby the 
s ta r t ing  material  contained 95-98% phosphatides.  Thus, 
the reduced viscosi ty  of lecithins by heat ing is probably  
due to both  the reduction of polar components  and in- 
crease of neutral  lipid or relatively nonpolar  substances.  
Likewise, improvement  in the emulsification propert ies  
can be explained by the increase in diglycerides which are 
well known as emulsifiers for w/o emulsions. 

Likewise" the dark-brown alcohol-precipitable material,  
which remains dissolved in the thermalized product, may  
alter the propert ies  of the thermalized lecithin, bu t  it is 
not  a good emulsifier (data not  given}. 

In  summary,  heat ing various forms of lecithins, f rom 
the most  pure to the mos t  crude, under certain conditions 
of t ime and tempera ture  can improve their  propert ies  as 
emulsifiers for w/o emulsions. For example, ba tch  heat- 
ing of lecithins at  180~ for 90 min br ings about  the 
necessary compositional changes tha t  are favorable for im- 
provement  in their  emulsification properties. Changes in 
bo th  the thermal  propert ies  and composit ion of granular  
lecithin correspond closely to the temperature  required for 
improvement  in propert ies  as an emulsifier. Reaction ac- 
t iv i ty  in the 170 to 210~ range is also generally consis- 
t an t  with the thermal  analysis of lecithin reported by Ross 
et  al. (19). Op t imum batch  thermalizat ion conditions may  
va ry  with the type  or form and amount  of lecithin used. 
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