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Abstract 
The graininess, which develops at 27C(80F) in 

lard shortening which has not undergone inter- 
esterification, is due to large crystal aggregates 
of disaturated 2-palmitoyloleoylstearin (OPS) of 
intermediate melting level and existing in a fl'- 
type form of triple-chain-length structure. This 
fl'-3 phase exists in ordinary lard accompanied 
by the commonly reported fl phase which is 
largely due to t r isaturated glycerides. Random 
interesterification eliminates graininess, not by 
reducing the disaturated content which remains 
about the same, but by reducing OPS to its 
" r a n d o m "  proportion and producing a mixture 
of disaturated glyeerides, which is substantially 
lower melting than the original OPS. The re- 
sulting product  crystallizes typical ly in a fl'-2 
form, characteristic of hydrogenated vegetable 
oil shortenings. (Directed interesterification ac- 
tually reduces disatnrated content as well as 
graininess, while simultaneously creating trisatu- 
rated "hardstock.  " )  

I 
N RECENT YEARS the quality of shortenings from ani- 
mal sources, principally lard, has been brought to 

a level comparable to that  of vegetable shortenings. 
There arc several aspects to the improvement, but the 
main factors were improvement of keeping quality by 
addition of antioxidant, and improvement of consist- 
ency and texture by interesterification. 

The effects of consistency and texture  of the lard 
brought about by interesterification, random or di- 
rected, have been discussed in several places (1-10).  
I t  has been made clear that there are changes in crys- 
tallization tendency which involve changes in both 
crystal habit and polymorphic state. However, there 
has been no complete description of polymorphie state 
nor of its dependence on composition. 

Ordinary lard is characterized by a translucence 
and a poor plastic range. Plasticizing, as by a scraped- 
wall cooling device, does not improve the situation 
and fur ther  introduces an unattract ive rubberiness. 
Addition of sufficient hardstock overcomes these diffi- 
culties and produces an attractive fresh shortening of 
excellent performance. Unfortunately,  aging under  
certain conditions introduces a distasteful graininess 
which is not overcome short of interesterifieation. The 
behavior described stems from the unique composition 
of lard. 

Lard  is a natural  product  of somewhat variable 
composition, which has typically about 2% trisatu- 
rated (Sa), 27% disaturated (S-~U), 47~  monosatu- 
rated (SU2), and about 24% tr iunsaturated (U3) 
triglycerides (11,12). The important  S2U portion is 
substantially all OPS (12,13,14). This is the glyc- 
eride playing the principal role in consistency and in 
changes in consistency of lard from 10 to 38C over 
which range the Solid Content Index (SCI)  (15) 
changes from about 26 to about 2. The polymorphism 
of OPS has been investigated (16) and found to in- 
volve sub a-2, a-2, sub fl'-3 and fl'-3 phases. Of these, 
the first two are highly unstable low-temperature  
phases, fl'-3 is obtained only by solvent crystallization, 

while the similar sub fl'-3 phase, melting at 37C, is 
obtained from melt and appears to be highly stable. 
Only the latter phase will be involved in the fur ther  
discu~ion where it will be referred to as fl'-3. I t  
has a long spacing of about 69A and prominent  short 
spacing lines corresponding to 4.08 and 3.75A. 

Experimental 
The following groups of observations were made: 
Lard vs. Interesteri f ied Lard  Shortening.  Typical  

commercial lard with SCI of 20 at 21C (sample 
melted, 5 rain 0~ 30 rain 33C, 5 rain 0~ read 21C) 
was interesterified by the following four procedures 
which proved to be equivalent: 

1. With 0.3% NaOCHa, 13 min at 85C, 47 rain at 
65C. 

2. With 0.5% NaOCHa, heated from 55 to 90C over 
1 hr period. 

3. With 0.5% NaOCHa, 1 hr at 55C. 
4. With 0 .4~  Sn (OH)e,  heated to 225C in 1 hr, 

then l~/e hr 225C. 
[The Sn(OH).o was prepared by neutralization 
of SnC12"2H_oO with NaOH and filtering off the 
precipitate.] 

SCI values of 9.8 -+- 0.4 at 21C were obtained on the 
interesterified samples. 

Lard  and the interesterified lards were plasticized 
by st irr ing down 2 lb samples in an ice-jacketed metal 
container until  they were viscous, then held 24 hr at 
24C. Plastic smears of all samples were examilled by 
X-ray diffraction when fresh, and after  successive 
periods of storage at 21 and 32C. Initially, fiat films 
were taken at about 25C with a Noreleo X-ray diffrac- 
tion film unit employing CuK,  radiation, nickel-fil- 
tered, with 5 cm sample-to-fihu distance. Lard  samples 
were a mixture of fl and fl' phases. The fresh samples 
of intcresterified lard were fl' and those stored at 21C 
were fl' for the duration of observations--viz., 6 me. 
The 32C samples of interesterified lard shortening 
t ransformed largely to fl in 1 month storage. See 
Table I. Estimations of phase proportions (with ac- 
curacy of • 10%) were made by comparison with a 
s tandard set of diffraction pat terns of 10% mechani- 
cal mixes of hardstock in oil. The hardstoek was 
itself a mechanical mixture of fl (completely hydro- 
genated soybean oil) and B' (completely hydrogen- 
ated palm oil). Estimation was based on the relative 
strengths of the 4 .1-4 .2A fl' line and the 4.6A fl 
line (17). 

More detailed study of lard and interesterified lard 
was carried out with a Norelco diffractometer unit  
on samples stored 6 weeks at 21C. Results are shown 

T A B L E  I 
Phase  Behav ior  of Lard  and In teres ter i f ied  La rds  

} %8 
Sample 1-Month storage 3-Month 6-Month 

Fresh - ~ Is torage  I storage 
2 , c  a2c  21c 2 1 c  

Lard  ~ ............ / ~ - - - - 0  I ~ ' -  ~ ~ [ -  ~ - -  
In teres ter i f ied  lard 1 ......... 0 I 0 ' 55 0 0 
I n t e r e s t e r i f i e d  lard 2 ......... I 0 0 85 0 0 
I n t e r e s t e r i f i e d  lard 3 .......... 0 0 65 0 
I n t e r e s t e r i f i e d  lard 4 ......... I 0 / 0 i 5 5  ! 0 . I 0 " 
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in Figure 1. Lard showed a double set of long spac- 
ings, 44.1A (1st and 3rd orders of the fl-2 phase) 
and 70.2A [2nd and 5th orders of the fl'-3 phase, 
the 1st being weak or absent (16)] ;  the interesteri- 
fled lards each showed a single set of long spacings, 
approximately 44.9A (lst  and 3rd orders of the 
fl'-2 phase). 

Lard Shortening. Shortening was nmde by mixing 
88% slightly hydrogenated lard (5 I.V. drop) and 
12% lard hydrogenated to 8 I.V. The latter is largely 
2-palmitoyldistearin and is strongly fl-tending. The 
fresh shortening plasticized in a typical scraped-wall 
cooling device was of good texture and was substan- 
tially in the fl phase. On standing at 27C, it devel- 
oped unsightly large grains. It  was found by warm- 
ing the grainy sample under the microscope that 
these grains were lower melting than the main crys- 
talline matrix. Some were isolated and X-rayed and 
proved to be of fl'-3 phase. From the known eonlpo- 
sition of lard (11,12,13), the melting level of the 
grains (<38C) and their existence in the /?'-3 phase, 
it is clear that they are comprised of OPS. 

Ss-Free Preparations of Lard a~d Modified Lard. 
As it was established that lard shortening grains 
were due to the intermediate melting disaturated por- 
tion and not the higher melting $3, it seemed desir- 
able to examine lard and some modified lards from 
which the $3 was substantially eliminated. A com- 
parison was made of 4 samples from typical but not 
identical lards: A) normal lard, B) slightly hydro- 
genated lard, C) interesterified lard, and D) inter- 
esterified lard, slightly hydrogenated. The four sam- 
ples were dissolved in Skelly B (1 g sample:10 ce 
solvent) and crystallized at 0~ to precipitate $3, 
which was removed by filtration. After evaporation 
of the solvent, the S3-free samples were crystallized 
at 21C and X-rayed at that temperature for solid 
phase identification. Data on these samples appear 
in Table II. Inconsistencies in $3 yield arise from 
variations in the lard sources. The higher I.V. of the 
precipitates from hydrogenated samples are due to 
a content of "isooleic glyeerides" produced by hy- 
drogenation. 

TABLE II 

Phase Tendency of S.~-Free Portion 

S~ I.V. of 8CI I Phase of 
isolated (21C) for Ss-free 

Sample I.V. Yieh $3 S3-free portion 
% portion portion (21(3) 

Lard... 67.7 5.7 10.0" 16.0 ~'-3 
Interesterifiod lard . . . . . . . .  64.5 9.5 7.7 7.5 jff'-3 
Hydrogenated lard ........ 60.3 5.3 22.5 15.0 B'-3 
Interesterified lard 

hydrogenated ............. 62.2 8.6 13.5 5.0 ~'-2 

*Approximate. 

Discussion. When natural lard is plasticized, it 
typically forms a mixture of liquid and two solid 
phases, a higher melting S3-rieh fl-2 phase and an 
intermediate-melting OPS-rieh fl'-3 phase. Since there 
is some tendency for $3 and OPS to form solid solu- 
tions, some OPS will be in the S3-rieh phase. This 
is particularly true for lard shortenings made with 
added hardstock. In any case, as the temperature is 
raised above room temperature, more and more of 
the OPS will leave the solid state and be largely in 
the liquid state at 32C. Graininess does not develop 
at 32C; it is not associated with the $3 portion of the 
shortening. Neither does graininess develop after 
cooling to 21C, probably because OPS crystallizes 
rapidly with many nuclei. At 27C, however, OPS is 
just a little below the upper limit of existence in an 
OPS-rich phase; this is just the situation for growth 
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of large crystals on a few nuclei and for digestion of 
ninny small crystals into a few large ones. Grain 
development in lard shortenings is the formation of 
large aggregates of fl'-3 crystals of OPS (not fl crys- 
tals of POS as has been suggested). It is this fl'-3- 
forming OPS that needs to be altered. 

The dilatometric data mentioned earlier show that 
random interesterifieation halves the solid content of 
lard. This reduction is not due to reduction of di- 
saturated (or trisaturated) glyeerides, however, but 
rather due to increased solubility (lower melting 
level) of the disaturated mixture which replaces the 
original OPS. Typical lard with 2% $3, 27% SsU, 
47~ SU2, 24% U:~ (11,12) on random interesterifiea- 
tion has 4.5% $3, 25% S2U, 44% SU2, 26.5% U3 
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(nmlar basis). That  the data in Table I I  do not 
correspond quite closely with such $3 figures is largely 
a result of variation in natural  lards. I t  is evident 
from Table I I  that, in those S3-free test samples, 
slight hydrogenation itself or interesterification itself 
does not destroy the /?'-3-tendency of lard, but  com- 
bined hydrogenation and interesterificatiou do. Hy- 
drogenation presumably plays a role, though a small 
one, in reducing fl'-3-tendency of modified lard, hence 
probably in reducing graininess potential. 

The greater fl'-2 tendency of the interesterified 
lards of Table I than that  in Table I I  is believed to 
be due to the $3 content in those of Table I, ra ther  
than to difference ill crystallizing conditions. 

Broadly speaking', the elimination of graininess ill 
lard shortening results from a change in the disatu- 
rated glycerides which comprise 1~ of the lard, natu- 
ral or interesterified. The fl'-3-tending disaturated 
OPS is exchanged for a mixture of disaturated glyc- 
erides, lower melting, i.e. more soluble, and tending 
to crystallize in the more familiar fl'-2 form which 
is the typical  form of hydrogenated vegetable oil 
shortenings. 

Directed interesterification of lard (3,4,5,8,9) re- 
sults in production of Sa or hardstoek bl situ and a 
consequent reduction in the " r a n d o m  m i x t u r e "  of 
fl'-2-tending disaturated glyeerides. There results both 
an improvement in plastic range and redueed graini- 
Bess potential. 
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Studies in Soap Crystallization Processes. 
Crystallization in the Segregation of Tall 

Part III. Acid Soap 
Oil Fatty Acids 

EDWIN M. MEADE, The Meade Laboratory & Process Company, Unionville, Ontario, Canada 

Abstract  

Tall oil f a t ty  acids have been fractionated into 
80-90% oleic acid, and 60-80% linoleie acid frac- 
tions, by precipitation of the oleic acid as acid 
soap from polar solvents. Sodium and potassium 
acid soaps are equally effective, but  ammonium 
acid soaps require lower operating temperatures. 
The choice of solvent is not critical as regards 
degree of separation, but technically attractive 
filtration rates have been obtained only with meth- 
anol and acetone. Acidulation gives colorless oleie 
acid of very  low rosin acid and unsaponifiable con- 
tent, but with 5-10% of conjugated linoleic acid. 

T ALL OIL is a mixture of approximately equal parts 
of rosin acids and fa t ty  acids, the latter being 

themselves a 50:50 mixture of oleie and linoleie acids. 
The " o i l "  is in steady supply as a by-product  of 
the kraf t  paper  industry,  and there is ample frae- 
t ionating capacity for  separation into rosin and fa t ty  
acids. I f  the f a t ty  acids could be fur ther  separated 
into high linoleic and high oleie fractions, then there 
would be available new tonnage sources of high drying 
value acids for  the alkyd industry,  and of oleic acid, 
independent of its usual tallow source, and with a 
nonfluetuating supply background suitable for its 
proper  consideration as a heavy organic chemical in- 
termediate. Tall oil f a t ty  acids are accordingly an 
attractive substrate for the investigation of oleic/ 
linoleic separations. 

Oleie and linoleic acids have been separated con> 
pletely by elution chromatography, using hexane and 
silicie acid ; by gas phase chromatography, using poly- 
ester stat ionary phases; and by countereurrent  dis- 
tribution, using hexane and aeetonitrile in a Craig ma- 
chine. A high degree of separation has been achieved 

by vacumn fractionation, using high reflux ratios in 
high efficiency columns, and lesser degrees by crys- 
tallization from solvents, by urea complexing, and by 
thermal diffusion. Preceding most of these methods, 
Freeman 's  (1) separation by countercurrent  distribu- 
tion between fur fura l  and hexane was carried through 
to a large pilot plant scale by Gloyer in 1948 (2). 

Difficulties in the above methods are various: ehro- 
matographie methods have yet to emerge from the 
laboratory seale; vacuum distillation demands an un- 
economic reflux ratio and column design; cold crys- 
tallization is complicated by the very wet low temper- 
ature filter cakes, 20% solids appearing " d r y "  at 
- 3 0 C ;  and thermal diffusion ealls for a heat flux of 
some 100,000 BTU per lb of product  treated. The 
Glover method is straighforward, and is the only one 
so i:ar to merit the term "process . "  

Crystallization of soaps has been of little value so 
far  ill this f e ld ;  the lithium soap method for oleie 
acid is the only reasonably successful application, 
but work in progress on the erystallization of soaps 
of substituted fa t ty  acids indicated that  acid soaps 
were capable of giving useful degrees of separation 
in ra ther  unexpected eases; promising results were 
obtained as soon as the method was applied to tall 
oil f a t ty  acids. The acid soaps referred to are well 
authenticated substances in the saturated fa t ty  acid 
field having the eomposition R-COOH.R-COO (Na, K, 
or NH4) ; they are appreciably less soluble in alcohols 
than the corresponding neutral  soaps, and have the 
added advantage of a good crystal habit. In the un- 
saturated fa t ty  acids, however, only a single acid soap 
has been described, potassium hydrogen dioleate hav- 
ing been prepared by McBain and Stewart as far  back 
as 1927 (3). Ralston (4), without source referenee, 
gives solubilities of 4.3% (1.34M) for neutral  potas- 
sium oleate, and 6.5% (1.30M) for the acid soap, fig- 


