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ABSTRACT OF THE DISCLOSURE 

Salad oil containing, as an inhibitor of solids deposi 
tion, 0.001~1% carbohydrate, 50—100% esteri?ed with 
15-85% C14"C22 hydroxy fatty acid and 15-85% (DH-C22 
saturated fatty acid. 

This invention relates to improved salad oils and to a 
method for improving salad oils. More particularly, it re 
lates to salad oils which can be stored at relatively low 
temperatures for extended periods of time without cloud 
ing, and which are capable of being used in preparing 
mayonnaise emulsions that can be stored at low tem 
peratures without breaking of the emulsion. 

Salad oils frequently are stored in refrigerators. The 
prolonged cooling of such oils to temperatures normally 
encountered in refrigerators, such as from about 40° F. 
to about 50° F., generally results in the deposition of 
crystalline material, usually solid triglycerides, from the 
oil. This material may appear in the form of a cloud, 
or as clusters of crystals, and is considered objectionable 
by the consumer. In general, the tendency to form solid 
triglycerides in oils also adversely atfects the suitability 
of the oil for use in mayonnaise emulsions. Mayonnaise 
emulsions prepared from such oils tend to be unstable at 
low temperatures and are easily broken. 

Frequently it is desirable to hydrogenate natural vege 
table oils, such as soybean oil, which can be used as base 
salad oils, in order to improve their oxidative stability; 
however, hydrogenation tends to produce oil components 
of decreased solubility at ordinary refrigeration tempera 
tures. These less soluble oil components are not com 
pletely removed by ordinary commercial winterization 
treatment, such as fractional crystallization. 

Accordingly, the primary object of this invention is 
to provide an improved’ salad oil which will remain free 
from clouding or crystal formation for long periods of 
time at refrigeration temperatures. It is another object of 
this invention to provide a method for retarding the dep~ 
osition of high-melting solids from salad oils. 

It has now been found, according to the present inven 
tion, that the storage time at conventional refrigeration 
temperatures without clouding can be greatly extended 
for a given salad oil by dissolving therein from about 
0.001% to about 1%, by weight, of a crystallization in 
hibitor which is a carbohydrate substance esteri?ed with 
both a hydroxy higher fatty acid and a saturated higher 
fatty acid. The carbohydrate substance is selected from 
the group consisting of oligosaccharides and polysaccha 
rides having from 2 to about 15 saccharide units per mole 
cule and is about 50% to about 100% esteri?ed, based on 
the total hydroxyl equivalency of carbohydrate substance 
and higher hydroxy fatty ‘acid. About 15% to about 85% 
of the esterifying carboxyl equivalency is contributed by 
hydroxy fatty acid having from about 14 to about 22 car 
bon atoms and from 1 to about 8 hydroxyl groups and 
about 15% to about 85% of the esterifying carboxyl 
equivalency is contributed by saturated fatty :acid having 
from about 14 to about 22 carbon atoms. The balance, 
if any, of the esterifying carboxyl equivalency can be 
contributed by fatty acid selected from the group con 
sisting of fatty acids having from 2 to about 12~carbon 
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atoms and unsaturated fatty acids having from about 14 
to about 22 carbon atoms. 
The oligosaccharides and polysaccharides which can 

be used to form suitable esters in the practice of this in 
vention include, by way of illustration: disaccharides 
such as sucrose, maltose, lactose, and melibiose; trisac~ 
charides such as mannotriose and raf?nose; tetrasaccha 
rides such as stachyose; and dextrins and other oligosac 
charides and polysaccharides having up to about 15 sac 
charide units per molecule. 
Many of these oligosaccharides and polysaccharides 

are obtained from well-known commercial carbohydrate 
sources. For example, sugar cane contains about 15% to 
20% sucrose and sugar beet about 10% to 17% sucrose; 
maltose is obtained in about 80% yield by the enzy 
matic (diastase) degradation of starch; lactose is present 
in the milk of mammals and is a by-product of the cheese 
industry, produced from whey; and dextrins are poly 
saccharides produced by the incomplete hydrolysis of 
starch with dilute acids or by heating dry starch. Sucrose 
is the preferred oligosaccharide for forming the carbo 
hydrate esters of this invention. 
The hydroxy fatty acids which are used to esterify the 

oligosaccharides and polysaccharides are long chain, ali 
phatic, mono-basic hydroxy acids having from about 14 
to about 22 carbon atoms and from '1 to about 8 hy 
droxyl groups in the molecule. They can be, for example, 
the mono-, di-, tri-, and tetrahydroxy derivatives of satu 
rated or unsaturated fatty acids such as myristic, myris 
toleic, palmitic, pal-mitoleic, stearic, oleic, linoleic, lino 
ienic, arachidic, elaidic, gadoleic, arachidonic, behenic, 
erucic, brassidic, and clupanodonic :acids. 

Speci?c examples of the above hydroxy fatty acids are 
9 - hydroxystearic; 12 - hydroxystearic; 9,10 - dihydroxy 
stearic; 9,i10,'12 - trihydroxystearic; 9,12,13 - trihydroxy 
stearic; and 9,10,12,113-tetrahydroxystearic acids. 

All stereoisomers of the above hydroxystearic acids 
can be used in the practice of this invention; for example, 
,erythro-9,IO-dihydroxystearic acid can be substituted for 
three-9,10-dihydroxystearic acid with equivalent results. 

Another common example of a speci?c suitable hydroxy 
fatty acid is ricinoleic acid which is 12-hydroxy-A9-octa 
decenoic acid. This acid is the major constituent of castor 
oil and is present in that oil as the glyceride in an amount 
of about 80% to 85%. 
Many of the desired hydroxy fatty acids can be pre 

pared synthetically by oxidative hydroxylation of un 
saturated fatty acids through the use of oxidizing agents 
such as potassium permanganate, osmium tetroxide, per 
acetic acid, perbenzoic acid and other peracids. For ex 
ample, oleic acid can be readily dihydroxylated to form 
9,1‘0-dihydroxystearic acids and linoleic acid can be read~ 
ily tetrahydroxylated to form 9,10,12,13-tetrahydroxy 
stearic acids by methods well known to those skilled in 
the art. Trihydroxy fatty acidscan be readily obtained 
from castor oil by reaction with peracetic acid followed 
by saponi?cation and splitting off of the desired acids in 
accordance with well-known methods of preparation. 
The saturated higher fatty acids which are used to 

esterify the oligosaccharides and polysaccharides are long 
chain aliphatic monobasic acids having from about 14 
to about 22 carbon atoms and include myristic, palmitic, 
stearic, arachidic, and behenic acids. These fatty acids 
can be readily obtained from hydrogenated glycerides by 
saponi?cation, acidulation, and isolation procedures. The 
fatty acid desired determines the choice of glyceridic 
material used. For example, a technical grade of stearic 
acid can be obtained from highly hydrogenated soybean 
oil and a technical grade of behenic acid can be obtained 
from highly hydrogenated rapeseed oil. 
By way of example, a suitable ester for this invention 

is sucrose esteri?ed with an average of 2 hydroxy higher 
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fatty acid groups and 4 palmitic acid groups. Other long 
chain saturated fatty acid groups such as myristic, stearic, 
arachidic, and behenic acids, and mixtures thereof, can be 
present in place of part or all of the palmitic acid groups. 
The oligosaccharides and polysaccharides should be at 
least about 50% esteri?ed, based on the total hydroxyl 
equivalency of oligosaccharides and polysaccharides and 
hydroxy higher fatty acid, about 15% to about 85% of 
the total esterifying carboxyl equivalency being applied 
by hydroxy higher fatty acid and about 15% to about 
85% of the total esterifying carboxyl equivalency being 
supplied by saturated monobasic higher fatty acid. Sub 
ject to this limitation, carboxyl equivalency can be sup 
plied additionally from short chain fatty acids such as 
acetic, propionic, butyric, valeric and caproic acids, or 
from long chain unsaturated fatty acids such as myris 
toleic, palmitoleic, linoleic, linolenic, elaidic, gadoleic, 
arachidonic, erucic, brassidic, and/ or clupanodonic acids. 
The oligosaccharide and polysaccharide esters of this 

invention can be prepared by various well-known methods 
for preparing esters. For example, the oligosaccharides and 
polysaccharides can be reacted with acid anhydrides of 
suitable hydroxy fatty acids and saturated fatty acids or of 
(hydroxy-esteri?ed) hydroxy fatty acids. 

It is preferred to obtain the oligosaccharide and poly 
saccharide esters by means of alcoholysis with the methyl 
esters of the hydroxy higher fatty acids and saturated high 
er fatty acids in the presence of suitable catalysts. In 
these interesteri?cation reactions, it is preferable to react 
the oligosaccharides and polysaccharides with a methyl 
ester of the hydroxy higher fatty acid followed by re 
action with a methyl ester of the saturated higher fatty 
acid, although the reverse order of interesteri?cation can 
be used if desired. Mutual solvents such as dimethylform 
amide, dimethylacetamide, dimethylsulfoxide, dioxane, 
pyridine, xylene and toluene are of good value in these 
interesteri?cation reactions. Catalysts of greatest value are 
such compounds as sodium methoxide, benzyl trimethyl 
ammonium methoxide, and others described by Eckey, 
US. Patent 2,442,532, at col. 24, line 18 et seq., granted 
June 1, 1948. 

Since the hydroxyl groups on the hydroxy fatty acid 
are esteri?able as well as those on the oligosaccharides 
and polysaccharides, it should be understood that branch 
ing of the acid chain can occur during the above esteri_ 
?cation or interesteri?cation reactions. This chain-branch 
ing, of course, would tend to occur more extensively when 
the polyhydroxy acids are used. In actual practice, partial 
removal of branched methyl esters and acids from the re 
action products was facilitated by a combination of distil 
lation and alcohol washing or extraction, but it should be 
understood that the esteri?ed oligosaccharide crystalliza 
tion inhibitor of this invention can include ester mixtures 
which contain the branched acid chains. 
Although various methods of preparation of the crystal 

lization inhibitors of this invention are described herein, 
it is to be understood that the invention is not to be limited 
to any speci?c method of preparation of these compounds. 
A wide variety of oils can be used as base oils which 

can be made resistant to deposition of high-melting solids 
at low temperatures in accordance with this invention. 
Included among suitable oils are the so-called natural 
salad oils such as olive oil, sunflower seed oil, sa?iower oil 
and sesame seed oil. Oils such as cottonseed oil and corn 
oil preferably are given a preliminary “Winterizing,” de 
waxing, or similar other treatment to remove the higher 
melting solids to form a good base salad oil. Other oils, 
such as soybean oil, may require hydrogenation to im 
prove resistance to oxidative deterioration with prolonged 
storage, and the higher-melting glycerides formed during 
this hydrogenation treatment preferably are removed by 
winterization. Base salad oils can be formed also by di 
rected, low-temperature interesteri?cation of animal or 
vegetable fatty material, followed by removal of higher 
melting glycerides formed during U16 reaction. 56$; for 
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4 
example, U.S. Patent 2,442,532, granted to E. W. Eckey, 
June 1, 1948. Another group of oils includes those in 
which one or more short chain or lower fatty acids having 
from 2 to about 6 carbon atoms, such as acetic and pro 
pionic acids, replace, in part, the longer chain or higher 
fatty acids present in natural triglyceride oils. Other base 
salad oils will suggest themselves to those skilled in the 
art, provided they have a suitable chill test as hereinafter 
de?ned. The base salad oils can be used individually or as 
mixtures of oils. As used herein, the term “base salad oil” 
is intended to include any salad oil which will not im 
mediately form solids when cooled to 30° F. 
The procedure for measuring the resistance of salad oils 

to clouding and the crystal inhibiting activity of the esters 
as used hereinafter involves preheating the oil or oil with 
inhibitor to a temperature of about 140° F., then air 
cooling a 100 gram sample at about 30° F. until solids 
form in the oil. As used herein, the term “chill test” is 
intended to de?ne the total length of time at 30° F. (un 
less some other temperature is speci?ed), until such solids 
form. 
The ester and the base salad oil can be mixed to 

gether in any convenient manner. For example, ester in 
liquid form can ‘be mixed with the oil. If the ester is in 
solid form, it can be dissolved in the oil, although it 
may ‘be desirable to heat the oil or the mixture of the oil 
and ester to facilitate solution. It ‘is to be kept in mind, 
however, that in all cases the resulting product is merely a 
physical mixture and there is no chemical reaction between 
the ester and the oil. 
The following examples which come within the scope 

of the claims will serve to further illustrate the invention; 
however, it should be understood that the invention is 
not limited to these illustrative examples since the skilled 
artisan will be able to devise many more examples after 
reading the speci?cation and appended claims. In each 
of the esteri?ed carbohydrate substances used as crystal 
lization inhibitors in these examples, the carbohydrate sub 
stance is from about 50% to about 100% esteri?ed, based 
on the total hydroxyl equivalency of carbohydrate sub 
stance and esterifying hydroxy fatty acid, from about 15 % 
to about 85% of the esterifying carboxyl equivalency be 
ing contributed [by material selected from the group con— 
sisting of saturated and unsaturated hydroxy fatty acids 
having from about 14 to about 22 carbon atoms and from 
1 to about 8 hydroxyl groups, from about 15 % to about 
85% of the esterifying carboxyl equivalency being con 
tributed by saturated fatty acids having from about 14 
to about 22 carbon atoms, and any balance of the esterify 
ing carboxyl equivalency being contributed by material 
selected from the group consisting of fatty acids having 
from 2 to about 12 carbon atoms and unsaturated fatty 
acids having from about 14 to about 22 carbon atoms. 

Example 1 

Methyl ester of hydrogenated castor oil was prepared 
by re?uxing hydrogenated castor oil with methanol in the 
presence of alkaline catalyst as follows: 
One kilogram of hydrogenated castor oil (iodine value 

3.51; acid value 2.58; saponi?cation value 178.5; and hy 
droxyl value 157.0) was warmed in 400 grams methanol. 
Three grams KOH dissolved in 100‘ grams methanol was 
added and the mixture was re?uxed for 2 hours on a steam 
bath. One liter of hexane was added to the mixture, and 
it was allowed to vstand at room temperature for about 
12 hours. Then 250 grams of water was added and the 
product was thoroughly washed and recovered. Flash dis 
tillation yielded 819 grams of methyl ester product hav 
ing the following analysis: 

Iodine value ______________________________ __ 2.35 

Acid value ______________________________ __ 2.41 

Saponi?cat'ion value _______________________ __ 182.2 

Hydroxyl value ___________________________ .._ 145.7 
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Mixed sucrose ester of hydrogenated castor oil and 
palmitic acid was prepared by catalytic alcoholysis of 
sucrose and the above methyl ester followed by acylation 
with palmitoyl chloride as follows: 

Sucrose (11.4 grams) was reacted with methyl ester 
of hydrogenated castor oil (100 grams) in the presence of 
dimethylformam-ide (100 cubic centimeters) and “Tri 
ton B”—40% benzyl trimethylammonium hydroxide cata 
lyst in methanol—(10 cubic centimeters) at 60° to 70° C. 
The methyl alcohol formed by the reaction was driven 
off by heating with 100 cubic centimeters cyclohexane at 
120° to 135° C. over a 3-hour period. The solvents, di 
methylformamide and cyclohexane, were stripped off and 
the reaction product was held under high vacuum for 2 
hours at 140° to 145° C. The product (97 grams) was 
water-washed and recovered from hexane. Analysis: 

Acid value _______________________________ __ 2.8 

Saponi?cation value _______________________ __ 168.6 

Hydroxyl value __ 148.7 
Total fatty acid ___________________ __percent__ 92.2 

Twenty grams of the above product was treated with 
twenty grams palmitoyl chloride in 10 cubic centimeters 
pyridine and 100 cubic centimeters toluene. The ester was 
?rst dissolved in the solvents and then the fatty acid chlo 
ride was slowly added with cooling in a water bath. After 
standing for 2 hours, the reaction mixture was heated to 
re?ux temperature and then allowed to stand at room tem 
perature for 2 days. The solvents were stripped off and the 
product (30 grams) was washed with water, then washed 
with .5 % K2CO3 solution and was then recovered from 
hexane. Analysis: 
Acid value _______________________________ __ 10.9 

Saponi?cation value _______________________ __ 196.7 

Hydroxyl value ___________________________ __ 0 

Total fatty acid __________________ __percent__ 98.8 

When the above mixed sucrose ester of hydrogenated 
castor oil acids and palmitic acid was dissolved in salad 
oil consisting of 90% winterized cottonseed oil (re?ned 
and bleached liquid oil) and 10% cottonseed oil (re?ned 
and bleached liquid oil) and held at 30° F., the chill 
test was extended ibeyond the 12 hours for the original 
salad oil without inhibitor as follows: 

Percent added ester: Chill test, hours 
0.0 12 
0.05 _____ ____ __ 28 

0.1 ___________________________________ __ 95 

When equivalent weights of maltose, ra?inose, or a mix 
ture of corn starch dextrins containing an average of be 
tween about 5 and 15 saccharide units per molecule are 
substituted for sucrose in the above example, substan 
tially similar improvements in chill test are obtained. ' 
When from about 0.001% to about 1% of theabove 

mixed sucrose ester is dissolved in winterized cottonseed 
oil, corn oil and hydrogenated soybean oil (iodine value 
107), substantial improvements in chill test are obtained. 

Example I] 

Sucrose (6.85 grams) was dissolved in dimethylformam 
ide (100 cubic centimeters) at 80° C. Then 58 grams of 
the methyl ester of hydrogenated castor oil prepared as 
in Example I and 5 cubic centimeters of “Triton B” was 
added. After 30 minutes, the mixture was placed under 
high vacuum at 100° C. and the temperature was increased 
very slowly to 150° to 160°- C. during a period of about 
2 hours whereby the solvent was distilled off. The su 
crose ester product was water-Washed and recovered, 
and then the excess methyl esters were topped out of the 
product at 190° to 210° C. -by distillation. 

Five grams of the above sucrose ester product was 
further esteri?ed by reaction with ten grams palmitoyl 
chloride in the presence of 10 cubic centimeters pyridine 
and 50 cubic centimeters toluene. The reaction mixture 
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6 
was agitated and allowed to stand at room temperature 
for about 12 hours. The mixture was then stirred into 
ice water, washed with 5% K2CO3 solution and then 
taken up in hexane and the mixed sucrose ester was re 
covered. Analysis: 

Acid value ______________________________ __ 27.5 

Saponi?cation value _______________________ __ 204.9 

Hydroxyl value __________________________ __ 0 

Total fatty .acid __________________ __percent__ 95.6 

When the above mixed sucrose ester of hydrogenated 
castor oil acids and palmitic acid was dissolved in the 
salad oil of Example I and held at 30° F., the chill test 
was extended beyond the 12 hours for the original salad 
oil without inhibitor as follows: 

Percent added ester: Chill test, hours 
0.0 ___________________________________ .__ 12 

0.025 _________________________________ __ 125 

0.05 _ _____ 125 

0 1 ___________________________________ .__ 240 

Example III 

A mixed sucrose ester was prepared from “Sucrodet” 
(a commercial sucrose dipalmitate-acid value 1.5; 
Saponi?cation value 115.6; hydroxyl value 426; total fatty 
acid 58.8%) by methanolysis with the methyl ester of 
the hydrogenated castor oil of Example I as follows: 

“Sucrodet” (32.7 grams) was reacted with the hydro 
genated castor oil methyl esters (82.1 grams) in the 
presence of 100 cubic centimeters dimethylformamide, 
100 cubic centimeters cyclohexane and 5 cubic centi 
meters “Triton B” at 90° to 125° C. for 3 to 4 hours. 
The solvents were stripped off under high vacuum at 
135 ° to 140° C. and the product was water-washed and 
recovered from hexane. Excess methyl ester was then 
topped out of the product by distillation at 205° C. and 
95 grams of purified product was recovered. Analysis: 

Acid value _______________________________ __ 3.6 

Saponi?cation value _______________________ __ 164.6 

Hydroxyl value ___________________________ __ 86.1 

Total fatty acid ___________ _; _____ __percent__ 91.5 

When the above mixed sucrose ester of hydrogenated 
castor oil acids .and palmitic acid was dissolved in the 
salad oil of Example I and held at 30° F., thechill test 
was extended beyond the 12 hours for the original salad 
oil without inhibitor as follows: 

Percent added ester: Chill test, hours 
0.0 ___________________________________ __ 12 

0.1 ___________________________________ __ 78 

0 3 ___________________________________ __ 198 

When equivalent weights of sucrosedipalmitate mono 
acetate or sucrose dipalmitate monooleate are substituted 
for sucrose dipalmitate in the preparation and use of the 
mixed sucrose ester in the above example, substantially 
similar improvements in chill test results are obtained. 

Example IV 

Fifty grams of the mixed palmitic and hydrogenated 
castor oil acid sucrose ester of Example ‘III was further 
acylated with thirty-seven grams palmitoyl chloride in 
the presence of pyridine and toluene to yield eighty-four 
grams of esteri?ed product. Analysis: 

Acid value _______________________________ __ 5.3 

Saponi?cation value _______________________ __ 190.4 

Hydroxyl value ___________________________ __ 31.1 

Total fatty acid ____v__; ___________ __percent__ 83.8 

When the above mixed sucrose ester of hydrogenated 
castor oil acids and palmitic acid was dissolved in the 
salad oil of Example I and held at 30° F., the chill test 
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was extended beyond the 12 hours for the original salad 
oil without inhibitor as follows: 

Percent added ester: Chill test 
0.0 ____________________________ __hours__ 12 
0.1 __________________________ __'__do____ 198 
0.3 _____________________________ __days__ 31 

The chill tests described in Examples V to XIII, below, 
employed the same procedure and base salad oil de 
scribed in Example I. 

Example V 

(a) Sucrose (34 grams) was reacted with methyl ester 
of hydrogenated castor oil (135 grams) in the presence 
of dimethylformamide, cyclohexane, .and “Triton B” at 
125° to 130° C. for 2 hours. After solvent-stripping, 
water-washing, and recovery from ethyl acetate, the 
product showed the following analysis: 
Acid value _______________________________ __ 2.7 

Saponi?cation value _______________________ __ 138.3 

Hydroxyl value ___________________________ __ 192.9 

Total fatty acid __________________ "percent" 97.0 

(b) Fifty grams of the above sucrose ester of Example 
V(a) were placed in 100 cubic centimeters cyclohexane 
and 25 cubic centimeters pyridine. Then 85 grams of 
palmitoyl chloride was added and the reaction mixture 
was allowed to stand at room temperature for 2 days. 
Five cubic centimeters methanol was added and the mix 
ture was agitated and poured into ice water. The product 
was taken up with hexane and recovered (128 grams). 
Analysis and chill test: 

Acid value _______________________________ __ 7.6 

Saponi?cation value _______________________ __ 174.1 

Hydroxyl value ___________________________ __ 7.8 

Total fatty acid __________________ __percent_.. 95.1 

Percent added ester: Chill test, hours 
0.0 ___________________________________ __ 12 

0.1 ___________________________________ __ 200 

0.3 ______________________ __(slight haze)__ 375 

Example Vl 

Example V(b) was repeated except that 45 grams of 
the sucrose ester of Example V(a) was reacted with 83 
grams of stearoyl chloride instead of with palmitoyl chlo— 
ride. An ester product (121 grams) was recovered with 
the following analysis and chill test: 

Acid value _______________________________ __ 0.4 

Saponi?cation value _______________________ __ 182.8 

Hydroxyl value ___________________________ __ 23.1 

Total fatty acid __________________ __percent__ 95.5 

Percent added ester: Chill test, hours 
0.0 ___________________________________ __ 12 

0.1 _____ __ _ ___ 150 

0.3 ______________________ __(slight haze)__ 150 

Example VII 

The ethanol insoluble ‘fraction (at room temperature) 
of the product of Example VI yielded the following 
analysis and chill test: 

Acid value ______________________________ __ 5.3 

Saponi?cation value _______________________ __ 173.4 

Hydroxyl value __________________________ __ 9.8 

Total fatty acid __________________ __percent__ 96.4 

Percent added ester: Chill test, hours 
0.0 __________________________________ __ 12 

0 1 ___________________________________ __ 340 

Example VIII 

Sucrose (17.1 grams) was reacted with methyl palrnitate 
(81 grams) in 200 cubic centimeters dimethylformamide 
and 10 cubic centimeters “Triton B” at 100° C. for 1/2 
hour. Then 200 cubic centimeters vof cyclohexane was 
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8 
added and the methyl alcohol Was azeotropically dis 
tilled out of the mixture over a 3-hour period. Thirty 
?ve grams of the methyl ester of hydrogenated castor oil 
of Example I was added to the reaction mixture and agi 
tated at 80° C. for 2 hours. Five cubic centimeters “Tri 
ton B” was then added. After heating the mixture at 
100° to 110° C., 200 cubic centimeters cyclohexane was 
added. The solvents were stripped off under high vacuum 
at 135° C. for about 2 hours, whereby 59 grams of prod 
uct was recovered. Fifty grams of the product was re 
acted with 15 grams of palmitoyl chloride in 200 cubic 
centimeters cyclohexane and 10 cubic centimeters pyri 
dine. The mixture was agitated and allowed to stand at 
room temperature for 2 days. An ester product (65 grams) 
was recovered with the following analysis and chill test: 

Acid value ______________________________ __ 4.6 

Saponi?cation value ______________________ __ 186.2 

Hydroxyl value __________________________ __ 93.2 

Total fatty acid __________________ __percent__ 87.8 

Percent added ester: Chill test, hours 
0.0 ____________________________________ __ 12 

0.1 ___________________________________ __ 30 

0.3 ___________________________________ __ 30 

Example IX 

Fifty-‘six grams of the mixed sucrose ester of Example 
VIII was reacted with 15 grams of palmitoyl chloride 
in 100 cubic centimeters cyclohexane and 10 cubic centi 
meters pyridine. The reaction mixture was allowed to 
stand at room temperature for 2 days. An ester product 
(66 grams) was recovered from hexane. Analysis and 
chill test: 

Acid value ______________________________ __ 0.3 

Saponi?cation value _______________________ __ 186.0 

Hydroxyl value ___________________________ __ 11.0 

Total fatty acid __________________ __percent__ 90.4 

Percent added ester: Chill test, hours 
0.0 ___________________________________ __ 12 

0.3 _____________________________________ -_ 60 

Example X 

A methyl ester of 12-hydroxystearic acid was prepared 
by reacting 40 grams of 12-hydroxystearic acid (acid 
value 185.5; melting point 79° to 81° C.) with 200 grams 
methanol, the reaction being catalyzed with sulfuric 
acid. The reaction mixture was re?uxed one hour and 
then allowed to stand at room temperature for 12 hours. 
The product was water-washed and then recovered from 
hexane (41.5 grams). Analysis: 

Acid value ______________________________ __ 2.0 

Saponi?cation value ______________________ __ 178.0 

Hydroxyl value __________________________ __ 106.0 

A sucrose ester was prepared by reacting 3.42 grams 
sucrose with 19.5 grams of the above methyl ester of 
12-hydroxystearic acid in 25 cubic centimeters cyclo 
hexane, and 2.5 cubic centimeters “Triton B” at about 
125° C. Ten grams of the sucrose ester product was then 
acylated with 13 grams palmitoyl chloride in the presence 
of cyclohexane and pyridine to yield 19 grams of the 
mixed sucrose ester. Analysis and chill test: 

Acid value ______________________________ __ 0.9 

Saponi?cation value ______________________ __ 181.0 

Hydroxyl value __________________________ __ 2.0 

Total fatty acid __________________ __percent-_ 96.6 

Percent added ester: Chill test, hours 
0.0 __________________________________ __ 12 

01 __________________________________ __ 135 

0 3 __________________________________ __ 250 
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Example XI 

Trihydroxy acids were prepared after the method of 
Kass and Radlove, 64 J. Amer. Chem. Soc. 2253 (1942), 
by action of peracetic acid on castor oil followed by 
saponi?cation and splitting. The trihydroxy acids were 
then crystallized from ethyl acetate. 

Eighty-?ve grams of the above-formed trihydroxy acid 
was re?uxed with 162 grams methanol and 2 grams sul 
furic acid to form methyl ester. This methyl ester was 
used to form two surcro'se ester preparations as follows: 

(a) Sucrose (8.5 grams) reacted with methyl ester 
(50 grams) in 50 cubic centimeters dimethylformamide 
and 50 cubic centimeters cyclohexaue and 10 cubic centi 
meters “Triton B” at 125° C. 

(b) Sucrose (5.13 .grams) reacted with methyl ester 
( 15.6 grams) in 50 cubic centimeters dimethylformamide, 
50 cubic centimeters cyclohexane and 10 cubic centi 
meters “Triton B” at 125° C. 

Reaction products from (a) and (b) were then sepa 
rately acylated with palmitoyl chloride in the following 
proportions to form mixed sucrose esters: 
Twenty grams of (a) reacted with 801 grams palmitoyl 

chloride in 50 cubic centimeters cyclohexane and 50 cubic 
centimeters pyridine, yielded a product of the following 
analysis and chill test: 

Acid value _______________________________ __ 6.2 

Saponi?cation value _______________________ __ 207.9 

Hydroxyl value __________________________ __ 10.0 

Total fatty acid ___________________ "percent-.. 97.0 

Percent added ester: Chill test, hours 
0.0 _______________________ _,_ __________ __ 12 

0.05 __________________________________ __ 83 

0.1 ___________________________________ __ 83 

0.3 ____ _ _____ 125 

Forty-?ve grams of (b) reacted With 5 0‘ grams palmitoyl 
chloride in 50 cubic centimeters cyclohexane and 50 cubic 
centimeters pyridine, yielded a product of the following 
analysis and chill test: 

Acid value _______________________________ __ 0.7 

Saponi?cation value _______________________ __ 206.0 

Hydroxyl value ___________________________ __ 2.0 

Total fatty acid ___ percent 99.2 

Percent added ester: Chill test, hours 
0.0 ___________________________________ __ 12 

0.1 ___________________________________ __ 104 

Example XII 

Tetrahydroxy acids were prepared from linoleic acid 
by using the method of Hazura, 29 Biochem. J. 1554 
(1935) according to which the potassium soap of linoleic 
acid was treated with potassium permanganate followed by 
treatment with S02 and HCl. The tetrahydroxy acids were 
then crystallized from ethyl acetate. 
The tetrahydroxy acid (1100 grams) was re?uxed with 

methanol (450 cubic centimeters) and sulfuric acid (2 
cubic centimeters) to form the methyl ester thereof. A 
sucrose ester of the tetrahydroxy acid was prepared by 
reacting 3.42 grams of sucrose with 20 grams of the above 
methyl ester; and a mixed sucrose ester was prepared by 
reacting 8 grams of the methyl ester product with 50 
grams palmitoyl chloride, both reactions being carried out 
in the manner described for the trihydroxy esters of Ex~ 
ample XI. Analysis and chill test: 

Acid value _______________________________ __ 4.1 

Saponi?cation value _______________________ __ 210.0 

Hydroxyl value ___________________________ __ 6.6 

Total fatty acid __________________ __percent__. 102.2 

Percent added ester: Chill test, hours 
0.0 ____________________________________ _. 12 

0.1 76 
0.3 ___________________________________ __ 108 

10 

15 

20 

30 

40 

50 

55 

60 

65 

70 

75 

10‘ _ 

Example XIII 
A methyl ester of dihydroxystearic acid was prepared 

by re?uxing 118 grams of 9‘,l10-dihydroxystearic acid 
(melting point 90° to 92° C.; obtained by crystallization 
of 9,10 cis acids) with 375 cubic centimeters methanol 
and 2 grams sulfuric acid for 2 hours. A sucrose ester 
was prepared from this methyl ester by reacting 3.42 grams 
of sucrose with 18.2 grams of the methyl ester in dimethyl 
formamide and cyclohexane in accordance with the pro 
cedure in Example XI for preparing the trihydroxy esters. 
The sucrose ester was acylated to form a mixed sucrose 
ester by reacting 10 grams of the ester with 24 grams of 
polymitoyl chloride in dimethylformamide and cyclohex 
ane in substantial accordance with the acylation procedure 
described in Example XI. The alcohol insoluble portion of 
the reaction product had the following analysis and chill 
test: 

Acid value ________________________________ -v 5.0 

Saponi?cation value _______________________ __. 174.0 

Hydroxyl value ____________________________ _. 1.5 

Total fatty acid ___________________ __percent__ 100.0 

Percent added ester: Chill test, hours 
0.025 _________________________________ __ 60 

0.05 ___ _____ __ 811 

0.1 ___________________________________ __ 105 

When an equivalent weight of behenoyl chloride is sub 
stituted for the palmitoyl and stearoyl chlorides in the 
above examples, substantially equivalent chill test results 
are obtained. 

If too large an amount of inhibitor is present in the 
salad oil, it will be precipitated out of the oil as the oil 
inhibitor mixture is cooled, and possibly even promote 

. crystallization of high-melting solids in the oil. Too small 
an amount of inhibitor, of course, will be relatively in 
effective. Amounts of ester in excess of 1%, by weight, are 
unnecessary as affording no signi?cant added improvement 
of the oil; and it is preferred to use from about 0.05% to 
about 0.1%. A salad oil having dissolved therein about 
0.1% sucrose fully esteri?ed with hydroxy fatty acid and 
palmitic acid in a ratio of about 1:1 is a very desirable 
example of the invention herein de?ned. 
What is claimed is: 
1. A clear glyceride salad oil having improved resist 

ance to deposition of high-melting solids and compirsing a 
base salad oil having dissolved therein from about 0.001% 
to about 1%, by weight, of esteri?ed carbohydrate sub 
stance selected from the group consisting of oligosac 
charides and polysaccharides having from 2 to about 15 
saccharide units per molecule, said carbohydrate substance 
being from about 50% to about 100% esteri?ed, based 
on the total hydroxyl equivalency of carbohydrate sub 
stance and esterifying hydroxy fatty acid, from about 15% 
to about 85 % of the esterifying carboxyl equivalency being 
contributed by material selected from the group consisting 
of saturated and unsaturated hydroxy fatty acids having 
from about 14 to about 22 carbon atoms and from 1 to 
about 8 hydroxyl groups, from about 15 % to about 85% 
of the esterifying carboxyl equivalency being contributed 
by saturated fatty acids having from about ‘14 to about 22 
carbon atoms, and any balance of the esterifying carboxyl 
equivalency being contributed by material selected from 
the group consisting of fatty acids having from 2 to about 
12 carbon atoms and unsaturated fatty acids having from 
about 14 to about 22 carbon atoms. 

2. The clear glyceride salad oil of claim 1 in which the 
carbohydrate substance is sucrose. 

3. The clear glyceride salad oil of claim 1 in which the 
esterifying saturated fatty acid is palmitic. 

4. The clear glyceride salad oil of claim 1 in which the 
esterifying hydroxy fatty acid is derived from hydrogen 
ated castor oil. 

5. The clear glyceride salad oil of claim 1 in which the 
base salad oil is derived from cottonseed oil. 
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6. The- clear glyceride salad oil of claim 1 in which the References Cited 
base salad oil is derived from hydrovenated soybean oil. UNITED STATES PATENTS 

7. The clear glyceride salad oil of ilairn 1 in which the 6 _ 
esteri?ed carbohydrate substance is present in an amount 2’22 >531 12/192411 Eckey et a1 --------- " 99 “163 
of from about 0.05% to about 0.1% by weight. 5 3’1 8’4 9 [11/19 ' Baur et a1 ------------ " 99—118 

8. A clear glyceride salad oil comprising a base salad $158,490‘ 11/1964 ‘Baur et a1 ---------- ~~ 99_118 

oil having dissolved therein about 0.1% sucrose fully _. . . 
esteri?ed with hydroxy fatty acid and palrnitic acid in a A‘ LOUIS MONACELL’ P'lmary Examine" 
ratio of about 1:1. MAURICE W. GREENSTEIN, Examiner. 


