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T 
O HELP BRING the subject  of special ty edible 
fa ts  into proper  perspective,  product ion figures 
might  be cited. In  1959 the United States fac- 

tory  consumption of fa ts  and oils in all edible 
products  amounted  to about  5.6 billion pounds.  All 
except about 0.3 billion pounds of this amount  was 
used in six ma jo r  types  of products.  Hence the 
volume of specialty fa ts  cur ren t ly  being produced 
is relat ively small, well below 0.3 billion pounds 
per  year.  The outlook for  the fu ture  should not 
however be judged by present  production.  

A casual review of the his tory of the fa t  and oil 
indus t ry  reveals an accelerat ing tendency toward 
more sophisticated production.  Monoglycerides first 
became commercial ly impor t an t  about 27 years  ago. 
More recent ly interesterification (1) and directed 
interesterification (2) of tr iglycerides have been 
adapted  to plant-scale operations. Also a number  
of new edible products,  including fat-based emulsi- 
tiers and cocoa butter-l ike fats, have appeared  on 
the market .  

The present  discussion will be confined to several 
more or less a rb i t r a r i ly  selected products  and proc- 
esses. Products  which have been commercialized as 
well as products  which are still in the investigative 
stage will be discussed. The discussion will be con- 
eerlmd only to a l imited extent with emulsifiers, 
which are being t reated under  another  t i t l e .  

C o c o a  B u t t e r - L i k e  F a t s  

Composit ion and Characterist ics of Cocoa Bu t t e r .  
Through the years numerous groups and individuals 
have p repared  or a t t empted  to prepare  by economi- 
cally fcasibte processes fa t  products,  the character-  
isties of which resembled those of cocoa butter ,  the 
prized confectionery fat.  The component f a t t y  acids 
of cocoa but ter  and their  approximate  mole percent- 
ages are oleic, 37; stearic, 35; palmitic, 26; and lin- 
oleic, 2 (3).  These f a t t y  acids and their  proport ions  
(lifter little f rom those found in mut ton tallow, which 
bears little resemblence to cocoa butter .  The differ- 
ence lies in the glyceride structures.  Cocoa but te r  
apparen t ly  has the following composition (3) :  

Glyceride Mole per- 
cent~tge 

Fully saturated triglycerides ................................ 
Oleodipalmitin ........................................................ 
Oleopahuitostearin ................................................. 
Oleodistcarin ........................................................... 
Palmitodiolein ........................................................ 
Stearodiolein ........................................................... 
Triolein .................................................................... 

2.6 
3.7 

57.0 
22.2 
7.4 
5.8 
1.1 

The oleoyl group of the oleopalmitostearin and oleo- 
distearin has only recent ly been shown to occupy the 
2-position (4,5). 

The probabi l i ty  exists tha t  the 2-oleopabnitostearin 
and 2-oleodistearin fo rm mixed crystals and in many  
ways behave as a single compound. Their  relative 
proport ions in cocoa but te r  correspcmd approximate ly  

One of t h e  I a b ( ~ r a t o r i e s  o f  t h e  Southern Utilization ICese~reh und 
D e v e l o p m e n t  Division, Agricul tural  Research Service, U. S, Depar tment  
of Agriculture.  

to that  of an eutectic mixture,  according to the Hil- 
debrand equation (6).  

This relative homogeneity of cocoa butter ,  the re- 
sult ing short  plastic range, and the fact  tha t  the 
point  of complete mel t ing lies several degrees below 
body t empera tu re  are prized characteristics. Cocoa 
but te r  appears  to be hard  and bri t t le  at  room ten> 
pe ra tuu re ;  but  when eaten, it melts completely in 
the mouth and produces a pleasing, cooling sensation. 

The short plastic range is i l lustrated by the micro- 
penetra t ion curves reproduced in Figure  1. Cocoa 
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bu t te r  has an almost constant plastici ty between 10 
and 26 ~ C. As the t empera tu re  is raised above 26~ 
the cocoa but te r  softens and melts abrupt ly .  All- 
hydrogenated  shortening and blended or compound 
shortening, on the other hand, have a much longer 
plastic range. At  10~ both are softer  than  is cocoa 
but te r  while at  30~ thcy are firmer. 

Plast ic i ty  of cocoa but ter  at  a given t empera tu re  
is related, of course, to the I)roportion of liquid oil 
at  tha t  temperature .  An average curve of liquid con- 
tent  vs. t empera tu re  for six samples of cocoa but te r  
is reproduced in F igure  2 (7).  The percentage of 
liquid increases rap id ly  as the t empera tu re  rises above 
26~ However  small and relat ively constant percent-  
ages of liquid are present  over the t empera tu re  range 
of 5 to 20~ Melting starts  well below 0~ 

While cocoa but ter  is said to be hard  and bri t t le  
at room tempera tu re  and below, its exact hardness 
varies marked ly  with small changes in tempera ture ,  
as shown in F igure  3 (8). In common with most 
other substances the crystals  of cocoa but ter  change 
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itt hardness  as the t empera tu re  changes, and this 
change is pronounced as the melt ing point  of the 
crystals  is approached.  

Requirements of Cocoa Butter-Like Fats. As men- 
tioned previously,  a very  short  softening range and 
complete melt ing below body temperature ,  37~ are 
prized characterist ics of cocoa but ter  and are highly 
desired in any  cocoa butter- l ike fat. Claims arc fre-  
quent ly made tha t  the melt ing point  of cocoa but te r  
is too low for products  to be used in the summer-  
time. However  experience has shown tha t  rais ing 
the melt ing point  of a cocoa butter-l ike fa t  so tha t  the 
Inain port ion melts several degrees above the mel t ing 
point  of cocoa but ter  is undesirable.  A waxy produc t  
results. Adding  emulsifiers reduces but  does not elim- 
inate the waxiness. Of course, waxiness is less of a 
problem if the fa t  is to be used in coating" composi- 
tions for  baked goods. 

Because cocoa powder contains 12% or more fat,  
any  cocoa butter-I ike fat,  which undoubtedly  would 
be used extensively with cocoa powder, should be 
compatible with cocoa bu t t e r ;  tha t  is, one fa t  should 
not cause the premel t ing  of the other. To be ent irely 
compatible, the glycerides would have to be identical 
wi th  those of cocoa but ter  in amount,  type,  and con- 
figuration. The melt ing point  of 2-oleopalmitostearin 
can be depressed by adding to it  the positional isomer 
2-palmito-oleostearin. In  pract ice  the making of a fa t  
which is eompIetely compatible with cocoa but ter  has 
proven to be ext remely difficult. Various degrees of 
compat ibi l i ty  have been achieved. On a theoretical  
basis a given weight of a laurie acid-containing fa t  
depresses the mel t ing point  of cocoa but ter  more 
than does an equal  weight of fa t  composed of glycer- 
ides of Cls f a t t y  acids. Unfor tuna te ly  informat ion  
on the actual  compat ibi l i ty  of var ious glycerides is 
meager.  Research toward  obtaining such informat ion  
is under  way. 

A good cocoa butter-l ike fa t  should contain little 
or no liquid oil at ambient  temperatures .  The pres- 
ence of a liquid phase undoubtedly  contr ibutes to 
the problem of bloom, which is best defined as the 

format ion  of a mott led or whitish surface on choco- 
late or the chocolate type  of confections. As the 
storage t empera tu re  of such confections varies, crys- 
tals of solid fa t  are dissolved in the liquid phase, 
then some are redeposited in a relat iveIy coarse struc- 
ture  on the surface. Obviously the less liquid phase 
which is present,  the less serious will be the damage 
f rom this type  of bloom. 

The polymorphism of the cocoa butter-like fa t  
should resemble that  of cocoa butter .  Procedures  for  
the melting" and tempera ture  t rea tment  of the la t ter  
have been worked out carefulIy  and are based on 
m a n y  years of experience. Temper ing  equipment  and 
enrobers have been devised to cope with the compli- 
cated polymorphism which is encountered. Confec- 
t ioners tend to avoid using fats  which differ f rom 
cocoa butter .  

Cocoa but te r  or chocolate which has been heated 
to well above the melt ing point of the fa t  and then 
quickly solidified in the alpha fo rm will undergo 
changes in crystal  s t ructure  for  weeks when held at  
room tempera tu re  (9). 0 a  the other hand, it has 
been stated (10) that  when proper ly  tempered choco- 
late is cooled af ter  molding or enrobing, the cocoa 
but te r  solidifies ini t ial ly in the beta prime form but  
the t ransformat ion  to the beta fornl s tar ts  at  once. 
Af te r  0.5 hr. at  7-15~ half  will be in the stable 
beta form. Complete t ransformat ion  to the beta form 
is claimed to occur a f te r  an addit ional 0.5 hr. at 
room temperature .  Possibly the t ransformat ion  f rom 
the beta prime to the beta fo rm enhances the con- 
t ract ion of the chocolate and makes possible the easier 
demolding of molded goods. 

I f  confectioners could be induced to change their  
operat ing techniques, the use of fats  which umlergo 
polymorphic  t ransformat ion  more rap id ly  and fats  
which contain a larger  number  of components might  
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FIG. 3. t I a r d n e s s  curves  fo r  cocoa b u t t e r :  (1)  ba r s  molded  

by m a n u f a c t u r e r  a n d  s to red  a t  room t e m p e r a t u r e  (24--28~ 
fo r  several  m o n t h s  be fore  t e s t i n g ;  a n d  (2)  t e s t  samples  ob- 
t a ined  by  me l t i ng  some of  the  bars ,  seed ing  the  me l t  as i t  
resolidified, and  t e m p e r i n g  the  reso]idified cocoa b u t t e r  fo r  
24 hrs .  
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be preferred.  Such fa ts  should be easily solidified 
in a firm, fine s t ruc ture  relat ively resis tant  to bloom. 

Cocoa Butter-Like Fats from C~6 and C~s Acid Oils. 
Even though oils and fats  whose component  g]ycer- 
ides contain essentially C~(~ and C18 f a t t y  acid groups 
would logically be the raw materials  for  making cocoa 
butter-l ike fats, such oils have not been used much 
in the past. Few na tura l  products  contain the desired 
tr iglyeerides in large quantities, and chemical modi- 
fication in the form of hydrogenat ion or interesterifi- 
cation or both is required. This not only increases the 
cost but  introduces addit ional  problems. 

Kraemer  et al. (11) described the exper imental  
p repara t ion  of a cocoa butter-l ike fa t  by  selectively 
hydrogenat ing  cottonseed oil and then f rac t ionat ing 
the reaction product.  The cottonseed oil was hydro- 
genated to an iodine value of approx imate ly  25, dis- 
solved in commercial hexane (1:4 by weight) ,  the 
solution was cooled, and the cocoa butter-l ike fat  was 
collected over the t empera tu re  range of 24 to 2~ 
The yield was about 28%, based on the weight of the 
hydrogenated  oil. Consistency data, cooling curves, 
and dilatometric data  indicated tha t  the physical 
proper t ies  of the product  differed f rom cocoa but ter  
:in only minor respects. The product  had a slightly 
longer plastic range than  (lid cocoa butter ,  it super- 
cooled less s t rongly and contracted sl ightly less upon 
solidification, and it exhibited the phenomenon of 
l)olymorphism to a less pronounced degree. The prod- 
net differed somewhat in eomposition f rom cocoa but- 
ter because of an unavoidable content of iso-oleie acid 
glyeerides. 

Re('ently two patents  (12,13) have been issued to 
cover the prepara t ion of butter-like fats  by hydro- 
g(mation of a liquid oil, folh)wed by fract ional  crys- 
tallization f rom a solvent. The des(,ribed teehniques 
should y M d  good confectionery fats, the COmDonents 
of which (lifter f rom those of cocoa butte:" in that  the 
former  ('onhtin both positional isom(,~'s of the glyeer- 
ides of co(,)a but ter  and glycerides of iso-oleic acids. 

Another  1latent (14) has t)e(,n issued on the prep- 
aration <if a cocoa butter-l ike fa t  by fract ional  crys- 
tallization (>f beef and mutton talh)ws from acetone 
solution to ot)tain a portion that  is c<)mposed mainly  
of disatnrated triglyeerides.  ]leeause the disaturated 
tr iglyeerides of animal fats eontain a sa tura ted  acyl 
~roup in the 2-position, 1)roducts made by fraet ionat-  
ing such fats should consist mainly  of lhe positional 
isomers of 1he tr iglyeerides of eoeoa butler .  The prod- 
nets probably  are not as eompatible with (,oeoa but ter  
as might  be desired. 

Recent ly in our labora tory  a eo(,oa butter-l ike fa t  
has been prepared  by the random inie~'esterifieation 
of completely hydrogenated cottonseed oil and olive 
oil or a tr'iolein product,  followed by fractional  
erystallization f rom acetone (15~. In su(.h a random 
interesterifieation the amount  of d isa tura ted  triglye- 
erides formed is a function of the relative proport ion 
of sa tura ted  and unsa tura ted  aeyl groups (F igure  4). 
Conditions were chosen to produce a theoretical yield 
of 42.2 mole % of d isa tura ted  tri~'lyeerides. Most of 
these tr iglyeerides were isolated in a eoeoa butter-l ike 
fract ion by  dissolving the interesterified Inixture in 
acetone amt collecting" the fraction that  precipi tated 
between 25 and 0~ Cocoa butter-like fract ions with 
the short plastic range and some of the other desirable 
physical Dral)erties of eocoa but ter  were obtained. 

Because the fraetion~ contained tr iglyeerides iden- 
tical with those found in eoeoa but ter  as well as post- 
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tional isomers of these glycerides, (;ompatibility with 
eocoa but ter  was reasonably good. Subsequent evalu- 
ation of cocoa butter-l ike fats  that  were prepared  by 
a similar l)rocedure revealed that  the acetone frae- 
tionati(m was not as s(qeetive as desired. Small per- 
c(mtages of t l ' isaturated glyeerides always remained 
in the co('~oa butter-l ike fat  and eaused thickening of 
the fa t  above the working tempera ture  of chocolate, 
about 92 ~ F.(33.3 ~ Also the fat  contracted only 
about on(,-third as mu(.h as did cocoa but te r  when both 
were molde(I under the conditions used for chocolate. 
(In solidifi(.ation the cocoa bulter-l ike fa t  did m)t su- 
l)er cool as (~o(,oa lmt ler  did. 

P<)ssibIy a superior  cocoa butter-l ike fa t  might  be 
I)roduced by subst i tut ing dir(,cted interesterifieation, 
a l)atente(t I)rO(',('ss (16,17), for random interesterifi- 
cation. Fundamen ta l ly  the two proeesses differ in 
that  random interesterification is carried out at a 
t empera tu re  well above the melt ing point  of the 
glyceride mixtnr(, while directed interesterification is 
carried out by  lowering the tenlperature  while the 
i'eaetion proceeds, thus forcing out of solution some 
of the component  glyeerides. These could be mono- 
unsaturated,  d isa turated triglyceri(h,~ if the propor-  
tions of reactants  are proper ly  selected. Aeeordiug to 
the principle of Le Chatelier, the monounsaturated,  
d isa turated tr iglycerides shouhl be in the highest 
melt ing configuration; that  is, the unsa tnra ted  acid 
gr<)up should oeeul)y the 2-position. S<) fa r  there has 
been no published repor t  of an atteml)t  to emph)y 
this method of prepara t ion.  

Wha t  is probably  the best cocoa butter- l ike fat  
cur ren t ly  being marketed  is said to be obtained by  
the fraet ionation of Borneo tallow, the glyeerides of 
which resemble those of cocoa but ter  except tha t  the 
Borneo talh)w contains slightly higher proport ions  of 
t r i sa tura ted  glycerides and glycerides containing ste- 
arie acid. A solvent like acetone probably  is used in 
the fractionation Droeedure. 

Cocoa Butter-Like Fats from Laurie Acid Oils. 
Large quantit ies of good confectionery fats  have been 
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prepa red  for  m a n y  years  f rom coconut oil, and this 
oil i tself has been used extensively. Coconut oil has 
a mel t ing point  of 24 to 27~ and a ve ry  short  plastic 
range, passing ab rup t ly  f rom a bri t t le  solid to a 
liquid. The plastic range is not quite as short  as tha t  
of cocoa bu t t e r ;  the last 55% melts over about  a 16 ~ 
range. Coconut oil is hydrogenated to var ious melt- 
ing points up to about  45~ Complete hydrogenat ion 
changes about  one-fourth of the t r iglyceride mole- 
cules of the oil to mixed tr iglycerides of stearie acid 
and lower sa tu ra ted  fatty" acids. 

The oil also is marketed in mixtures  with domestic 
fats. Such a mix ture  has a greater  resistance to ran- 
cidity than  does a domestic fa t  of the same melt ing 
point and also possesses bet ter  eating properties.  At  
the same t ime the mixture  is more compatible with 
cocoa but te r  than is coconut oil and is not as suscep- 
tible to the development  of a soapy flavor as is the 
latter.  

Good confect ionery fats  also are being p repared  
f rom pahn  kernel oil, hoth by hydrogena t ing  the oil 
and by f rae t iona t ing  the oil to produce a palm kernel  
stearine. The component  f a t ly  acids of pa lm kernel 
oil are similar  to those of cocmmt oil except that  the 
pa lm kernel  oft contains about  18% of oleic acid, 
about twice as much as is found in coconut oil. 

Per formance  of laurie acid oils in confectionery 
coating compositions of the pastel type, which con- 
tain no cocoa fat,  is said to he good. A firm, glossy 
surface is obtained ; and any polymorphic  t ransforma-  
tions dur ing  and af ter  solidification do not seem to 
create problems. IIowever,  be(.anse these oils contain 
more than  50% of laurie and shorter-chain f a t ty  
acids, compat ib i l i ty  with co(,oa but te r  is ,'(qativel~, 
poor. Wheu  a pa lm kernel stearine containing 20% 
liquid oil at  room tempera tu re  is mixed with cocoa 
butter ,  which also contains about 20% liquid oil at 
room tempera ture ,  the resul t ing mixture  will not 
contain 20% of liquid oil, which would he expected 
if compat ibi l i ty  were excellent; r a the r  the mix ture  
will contain up to 40% liquid oil (18). Increas ing 
the content  of liquid oil in chocolate coatings in- 
creases the tendency to bloom. 

While the laurie  acid oils possess good resistance to 
oxidative rancidi ty,  they are susceptible to so-called 
" k e t o n e "  rancidi ty.  This type of rancidi ty,  eausod 
by the action of microorganisms, is produced only 
when mois ture  and nitrogenous nut r ien ts  are present.  
The odor produced on account of the format ion  of 
ketones may  not be unpleasant ,  but  the microorgan-  
isms also hydrolyze  the glyeerides and produce small 
amounts  of the shorter-chain f a t t y  acids, which con- 
fer  a disagreeable, soapy flavor upon the fa t  (19). I t  
is claimed tha t  ketone rancidi ty  is not encountered by 
confectioners adher ing  to good plant  practices. 

Oils of Exceptional Resistance to Deterioration 

The need of the food indus t ry  for oils liquid at 
room t empera tu re  and highly resis tant  to rancidi ty,  
hydrolysis,  and other forms of deter iorat ion has lono~' 
been recognized. Oils tending to fill this need have 
been supplied. F o r  years  it has been the pract ice to 
roast  peanuts  and other nuts  in coconut oil because 
it !~ossesses marked  resistance to oxidative ranc id i ty  
and does not  crystallize to a visible extent  on the 
surface of the roasted nuts. I n  roast ing operations a 
batch of coconut oil f requent ly  is discarded when it 
becomes contaminated to a certain extent by  a t rans-  

fer  of oil f rom the nuts  being roasted. In  the f ry ing  
of potato chips, oils highly resistant to rancid i ty  are 
desired. These and similar needs have been served 
by the selection and l imited modification of na tu ra l  
oils. Needs requir ing still more specialized oils exist. 

By  recent legislative action the use of mineral  oil 
by the confect ionery indus t ry  for  lubricants,  slab 
dressings, and polishing oils was prohibited. Use 
of an edible, digestible oil is now demanded. Even  
without  legislative action the use of edible and di- 
gestible products  is preferred.  The raisin and dried 
f ru i t  indus t ry  is in need of a stable oil which will 
improve the appearance  of their  products  and mini- 
mize stickiness. Special ty oils of unusual  oxidative 
stabil i ty are also required as vehicles for flavors, 
colors, vitamins, and similar products,  

The most obvious solution to the problems apl)ears 
to be the employment  of glyeerides of short-chain, 
sa tura ted  f a t t y  acids. As the following tabulation 
shows, the melting" points of the simple tr iglyeerides 
of the sa tura ted  f a t ty  acids with an even number  of 
carbon atoms decrease as the chain length decreases 
and eventual ly reach values which are quite low: 

(] Iyceride 

T r i s t e a r i n  ................................................................ 
T ri pa h n i t i n  ............................................................. 
T r i m : y r i s t i n  ............................................................. 
T r i l a u r i n  .................................................................. 
T r i c a p r i n  ................................................................. 
T r i c a p r y l i n  .............................................................. 
T r i e a p r o i n  ............................................................... 
T r i b u t y r i n  ............................................................... 
T r i a c e t i n  ................................................................. 

l~hqting 
fmint, ~ 

72.5 
65.5 
57.0 
46.5 
31.5 

8.3 
- -25.0  

< - - 7 5 . 0  
--78.0 

Unfor tunate ly ,  as the chain length t)eeomcs quite 
short, the vapor  pressure reaches a point  where it 
detracts  f rom the ut i l i ty  of the simple triglyeerides.  
The boiling point  of tr iaeetin is 259~ and tha t  of 
t r ibu tyr in  is 315~ To most individuals tr iacetin 
and t r ibu ty r in  possess an intensely disagreeable fla- 
vor. The shorter-chain f a t ty  acids thenlselves possess 
a marked  flavor and odor, and any  free f a t ty  acids 
of this type  formed by slight hydrolysis  of their  
glycerides will be noticeable. The flavor problem in- 
sofar  as t r iglycerides arc concerned can be overcome 
by making mixed triglycerides,  like diacetostearin 
and dibutyrostear in,  which are bland in flavor and 
odor. However  this raises the melt ing point. The 
thermodynamica l ly  stable fo rm of 1,2-diacetostearin 
melts at  48.6~ and that  of 1,2-dibutyro-3-stearin at  
20.7~ The problem of making  a saturated,  low- 
melt ing t r iglyeeride can be solved most near ly  by  
making a mix ture  of mixed tr iglyeerides containing 
sa tura ted  f a t t y  acids of both long-chain and short- 
chain lengths. Such mixtures  take advantage of the 
physical-chemical principles governing melt ing-point  
depressions. Ju s t  how much can be achieved by  uti- 
lizing this approach remains to be determined. 

To obtain the greatest  resistance of unsa tura ted  
oils to oxidation and  the development of off-flavors 
and odors, ant ioxidants  must  be present.  This applies 
also to t r i sa tu ra ted  glycerides. A p p a r e n t l y  the ste- 
arie acid group is only about 10 t imes as resistant  
to oxidation as is the oleie acid group. P resumably  
there is an op t imum concentrat ion of ant ioxidants  in 
t r i sa tura ted  glycerides jus t  as there is an op t imum 
concentrat ion in unsa tura ted  triglycerides,  but  the 
addit ion of ant ioxidants  in amounts  below the opti- 
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mum should provide sufficient protection. A few hun- 
dredths  of 1% of p ropyl  gallate raises the stabil i ty 
of a t r i sa tura ted  glyceride to well over 1,000 hrs. 
as measured by the active oxygen method. 

As an example of the na ture  of the products  which 
can be made, an exper imenta l  oil consisting mostly 
of equal proport ions of 1,2-dibutyropalmitin and 
1,2-dibutyrostearin might  be described. The oil was 
p repared  by t rea t ing  with butyr ic  anhydride,  the 
molecularly distilled monoglycerides of commercial 
stearic acid. I ts  proper t ies  were found to be as 
follows: 

P r o p e r t y  V a l u e  

V i s c o s i t y ,  c e n t i s t o k e s  
6 8 ~  ................................................................. 
7 7 ~  ................................................................. 

1 0 4 ~  ................................................................. 
1 7 6 ~  ................................................................. 

S m o k e  po in t ,  ~  .................................................... 
F l a s h  po in t ,  ~  ..................................................... 
F i r e  po in t ,  ~  ....................................................... 
C loud  po in t ,  ~  ..................................................... 
P o u r  po in t ,  ~  ...................................................... 
M e l t i n g  po in t ,  ~  .................................................. ; 

41.5 
33.5 
18.8 

6.4 
311.0 
459.0 
525.0 

60.0 
50.0 
61.0 

The exper imental  oil was extremely resistant  to the 
development of rancidity.  Stabil i ty tests showed that  
the oil did not become rancid af ter  1,500 hrs. when 
a small amount  of ant ioxidant  was present.  In fact, 
at  1,500 hours the oil was colorless and as bland in 
flavor and odor as at the s tar t  of the test. By  way of 
comparis<>n, under  these test conditions, lard becomes 
rancid in 3 to 4 hrs., cott<>nseed oil, 16 to 20 hrs., and 
~<)o<l vegetal)le oil shortening, about 300 hrs. 

Special ty oils made fr(>m coconut oil and hence con- 
taining a high proport ion of glyeerides of lhe satu- 
rated C++ through Cr_, f a t t y  aeids arc being market,,,1 
hy at leas~ one large manufac tu re r  for us(, as slah 
dressings, polishing oils, and vehMes for flavors and 
vitamins. A technical bulletin for one (>f the prodm+ts 
lists the f<)lh)wing specifi<,a.tions: 

. . . . . . . . . . . . .  :-- : :  : : 

F o r m  .................................................. 1 ale  ye l low l iquid  
Color  ( L o v i b o n d )  ............................. 30 Ye l low,  2.5 m a x .  red  
F r e e  f a t t y  ac ids  ( a s  o le ie)  ............... 0.05 M a x .  
I o d i n e  va l ue  ....................................... 10 M a x .  
Specif ic  g r a v i t y  a t  1 2 0 ~  ................. 0.9170 
R e f r a c t i v e  i ndex  a t  60~  ................. 1.4.252 
S e t t i n g  I;()int ..................................... 0 .0~ 
M o i s t u r e .  ........................................... 0 . 1 %  M , x .  
K r e i s  t e s t  ........................................... N e m , t i w ,  
A O M  s t a b i l i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150 hrs .  1 fi us 

I f  oils of a more unconventiomd mtiur(, are to t)c 
l)repared for  special resistance to hydrolysis,  (.<m- 
eration might  be given to esters of various m(mohy- 
dric alcohols. Here  the proper  selection of the alcohol 
nfigbt be important .  As the molecular weight increases 
the resistance to chemical hydrolysis  im~reases. Also 
seeoudary alcohols are several times as resistant  to 
hydrolysis  as are normal  alcohols of the same molecu- 
lar weight. These considerations app ly  if glycols are 
used. Es ters  of neopentyl  glycol are claimed to pos- 
sess exceptional resistance. Possibly alpha dimethy] 
f a t ty  acids would impar t  similar resistance to their 
esters. The glycerides of alpha dimethyl stearie acid 
are not hydrolyzed by the digestive enzymes in the 
body. The question of edibility must, of course be 
answered before using any  of these products  in fo<>ds. 

Potent ia l ly  Useful  Fats  and Oils 
Many derivatives of fat-fornfing acids described in 

the l i tera ture  are potential  specialty fats  for use on 

and with foods. Several of these derivatives which 
are not now being used or are being used only to a 
limited extent will be described. 

Dibasic Acid-Containing Fats. The coupling of 
two or more glycerides of f a t - fo rming  acids by  esteri- 
fication with short-chain dibasic acids should, on the 
basis of general  considerations, produce edible com- 
pounds with certain characteris t ics  not a t ta inable 
with ord inary  fats. At  least some of these compounds 
should be edible because fmuar ic  and suecinie acids 
occur in the Krebs  cycle. Coupling diglycerides re- 
sults in a molecule considerably larger  than a mole- 
cule of t r iglyeeride p repa red  f rom the same f a t t y  
acids. Consequently an increase in viscosity would b~, 
expected. 

When 1,3-diolein and 1,3-distearin were esterified 
with fumaric,  succinie, and adipic acids, the antiei- 
pated increases in viscosity were obtained (20). Fo r  
example, the compound obtained by ester i fying 1,3- 
(tiolein with fumar ic  acid, b i s [ l - (o leoyloxymethyl ) -2-  
(o leoyloxy)e thyl ] fumara te ,  had a viscosity of 86.50 
eentistokes at 38.8~ while 1,3-diolein had a viscosity 
of 48.50 at the same tempera ture .  

Other unexpected propert ies  were found. On melt- 
ing and cooling the ] ,3-distearin compounds, glossy 
white solids were formed which were mneh harder  
than tr istearin.  ()n cooling solutions of the same 
eonlpoun(Is, long fil)er-like crystals  resembling asbes- 
tos formed. The 1,3-diolein compoumts, on the other 
hand, crystallized extremely slowly or not at all. The 
('ompoun(l nm(le with fmnaric aei<l could m)t be crys- 
tallized under  any eondiiions: it merely heeame more 
viscous a s  th( '  leml)eralnre was lowered. 

Polymeric fats  were i)repared by the interaction 
()t' f a t ty  acids, short-chai,l (libasic acids, and glycerol 
(21). The highest nmnt)er-aw~rage molecular weigt~t 
obtained was ahoul 1,700. By varying the proport ions 
of the reactants, the ~,iseosity couhl t)e varied over a 
relatively wide range. Viscosities over 2,000 centi- 
stokes at 50~ were attaim'(l.  The melt ing points of 
the I)olyester products which contained stearic acid 
as the only fa t ty  acid and in which the (libasic, acid 
was fumari(,, suc(,imli(,, or a<lipic had meltin~ points 
ranging from "15.7 to 67~ Some of the oMc a(dd 
(,omponnds (lid nol appear  to crystallize on cooling. 
()n crystallization of the melt, the Dolyesters contain- 
ing stearic acid forme(l a fine-graine(l crystal  struc- 
ture and possessed a hardness at 3()~ which ranged 
from that  of he(,~wax to that  of c(>mpletely hydro-  
~enate(t cottonseed oil. The products  prenared  had 
proDerties that  indicated 1)otential use of them as 
(,oatinz materials  by the food industry.  

Products from l)olyols Other tha't~ Glycerol. Esters  
of hmg-chain f a t ty  aeids and celluh>se, starch, amyl- 
ose, dextrin,  sucrose, an(l glucose have been the sub- 
jeet of numerous  investigations conducted over many  
years. The propert ies  described suggest many  poten- 
tim uses; yet  few, if any, of the esters are being 
marketed. The principal  de te r ran t  seems to be the 
lack of a simole and economieal method of preDara- 
tion. The p<)lyols either do not react or deteriorate 
extensively when t reated under  the usual esterifiea- 
lion conditions. The favori te  laboratory  method of 
prepara t ion  consists of es ter i fying the polyol with an 
a(';d chloride in the presence of pyr idine or some 
other organic base. 

Mahn et al. (22) p repared  the cellulose tr iester  of 
most of the sa tura ted  f a t ty  acids f rom C2 through 
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C16 and determined a number  of their  properties.  
In  this series cellulose t r i eapry la te  was found to 
possess the lowest melt ing point, 86~ ; and cellulose 
t r iacetate  the highest, 306~ The melt ing point  of 
cellulose t r ipa lmi ta te  was found to be 105~ The 
tensile s t rength of the tr iesters decreased rapidly  
f rom about 7.2 kg./nnn. 2 for  the acetate to about 1.0 
kg . /mm.  ~ for  the eaprylate.  As the chain length of 
the acyl group increased f rom Cs to C16, the tensile 
s t rength decreased gradua l ly  to about 0.5 kg. /mm. 2 
The data  are, of course, valid only for the par t icular  
sample of eclluh/se which was emph)yed. Fo r  other 
degrees of polymerizat ion these values would change. 
The da ta  are in the range however where the possible 
use of these products  as dip- type coatings for foods 
is indicated. 

Wolff et al. (23) i lrepared and characterized vari- 
ous esters of corn starch, amylose,, and amylopeetin 
in an effort to discover new industrial  uses for these 
corn products.  Almost all of tile esters possessed a 
broad nlelting rallgC. Tile amyh)se esters were found 
to form pliable and t ransl larent  filnls of ra ther  low 
tensile strength.  

The dextran,  sucrose, and gh~cosc esters comprise 
a series of compounds ranging fron/ waxy solids to 
viscous liquids. Of these eompoun(ls llle par t ia l  esters 
of sucrose are the most likely to find commercial use 
in the food industry.  They are good emulsifiers (24), 
and manufac tu re r s  of various food products  have 
expressed an interest in using them. 

AcetogZyceridcs. The acctoglye.erides, as the term 
will be used, are g]ycerid('s eontaining one long-chain 
f a t t y  aeid group and one or two acetic acid groups 
per  molecule. 1,2-l) iaceto- ' l -siearin and ]-aceto-3- 
s tearin are typical rcprCSClltativl~s of this class of 
glyccrides. They (~an be prepared  easily either by 
acetyla t ing nlon()glyeeridcs wittl acetic anhydr ide  or 
by in teres ter i fying a inixhtre of fat., glycerol, and tri- 
acetin. Molecular distillation of the reaction product  
yields mixtures  exceptionally rich in acetoglyeerides. 

The acetoglyecrides at(, unique among f a t t y  de- 
r ivat ives in that  they will crystallize to plastic, 
nongreasy solids (25) (F igure  5). The plastic erys- 

F l a .  5. L u m p s  o f  t r i s t e a r i n ,  r i g h t ,  a n d  shee t  o f  a e e t o s t e a r i n  
f o l d e d  o v e r  a s p a t u l a ,  l e f t .  

tals are actual ly  in the thermodynanl ical ly  unstable 
alpha-3 fo rm (26), but  for all pract ical  purposes 
this fo rm is stable. Products  containing two or more 
glyeerides, and even single compounds containing 
small amounts  of other glycerides as impurit ies,  re- 

main in the plastic state for years  when stored at 
ambient  tenlperature.  

When examined under  the microscope, the crys- 
tals of the acetoglyeerides are long and ribbon-like 
and interwoven in a felt-like structure.  Some prod- 
ucts are translucent.  Fi lms of most of the products  
can be stretched several-fold without  breaking. Melt- 
ing points can be varied f rom about - 2 4  to 48~ by 
changing the proport ions of the reactants  and the 
nature  of the fa t  used in the prepara t ion.  

Numerous food uses have been suggested for  both 
the acetoglycerides which are solid at room tempera-  
ture and for those which are liquid. The solid aceto- 
glycerides when applied as thin, almost invisible 
fibns to processed meats, baked goods, cheese, and 
similar products- serve as a moisture bar r ie r  and as a 
bar r ie r  to keep in flavor and odor. The use of aeeto- 
glyeerides in mixtures  for  eoating nut  meats to make 
them more resistant to rancid i ty  and increase their 
shelf life has been suggested (27), and the use of 
such coated nut  meats in rations for  the armed forces 
is provided for in a set of proposed specifications. The 
liquid aeetoglyeerides have been suggesWd for use as 
plastieizers of edible fa t  mixtures  where a plasticizer 
l iquid at  low tempera tures  and relat ively resistant to 
oxidation is required. 

Many  animal-feeding experiments  have been ear- 
t ied out to establish the sui tabi l i ty of acetoglyeerides 
as foods. The aeetoglycerides behave as o rd inary  fats  
of a similar degree of unsaturat ion.  Through the 
efforts of a manufac tu re r  of these new fats, the Food 
and Drug  Adminis t ra t ion has jus t  approved thcir  use 
in nonstandardized foods at levels up to 5%. 

At  least 80 articles and patents  concerned with the 
aeetoglyeerides have appeared,  mostly since 1952. At 
least three firms, one in the United States anll two in 
Europe,  are making the acetoglycerides. 
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