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present inYention relates to nondigestible fat conpositions that are useful

as, full or wardsrgdksy epl acers for triglyceride fats or oils ipctassssoMare
particylarly, the present invention provides such nondigestible fat

conpositions that provide passive oil |loss control w thout being
excessively waxy tasting. 15 -1~ BACKGROUND OF THE | NVENTI ON
Certain polyol fatty acid polyesters have been suggested as | ow or reduced
calorie substitutes for triglyceride fats and oils used in foods. For
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partial or full fat replacers in | ow cal@yngrbpod conpositions. (See
Matt son & Vol penhein; U S. Patent 3,600,186. |ssued August 17, 1971.) Fooeds
in which these polyol polyesters
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TECHNICAL FIELD
10 The present invention relates to nondigestible fat compositions that are
useful as full or partial replacérs for triglyceride fats or oils in foods. More
particularly, the present invention provides such nondigestible fat compositions
that provide passive oil loss control without being excessively waxy tasting.

15 ' " BACKGROUND OF THE INVENTION

Certain polyol fatty acid polyesters have been suggested as low or
reduced calorie substitutes for triglyceride fats and oils used in foods. For
example, nonabsorbable, nondigestible sugar fatiy acid esters or sugar alcohol
fatty acid esters having at least 4 fatty acid ester groups with each fatty acid

20  having from 8 to 22 carbon atonis have been used as partial or full fat replacers
in low calorie food compositions. (See Mattson & Volpenhein; U.S. Patent
3,600,186; Issued August 17, 1971.) Foods in which these polyol polyesters
are particularly useful as partial or complete replacements for triglyceride fats
or oils include products suitable for use in frying. ‘Unfortunately, regular

25  ingestion of moderate to high levels of completely liquid forms of these polyol
polyesters can produce undesirable passive oil loss, namely, leakage of the
polyesters through the anal sphincter. By contrast, completely solid versions of

-+ these polyesters provide a sufficiently high solids content at mouth temper-
atures (e.g., 92°F, 33.3°C) such that they give a waxy taste or impression in

30 the mouth when ingested. )

As an alternative to these completely liquid or completely solid
nondigestible/nonabsorbable polyol polyesters, certain intermediate melting
polyol fatty acid polyesters have been developed that provide passive oil loss
control, while at the same time reducing waxiness in the mouth. (See
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are particularly useful, as partial or conplete replacenents for .
triglyceride fats *or oils include products suitable for use in frying.
Unfortunately, regular 25 ingestion of noderate to high | evels of

conpl etel y w@uamodzor ns of these polyol polyesters can produdCrlibsesyiolabl e *
passive oil |oss, nanely, |eakage of the p‘olzester's t hrough the anal
sphincter. By contrast, conpletely solid verSions of these polyesters

provide a sufficiently high solids content at nmouth tenper- atures (e.g.,
92[err]F, 33.3[err]C) such that they give a waxy taste or inpression in 30
the nouth when ingested. As an alternative to these conpletely liquid or

ntormei at o i 1 rEunar PSR PACE Moaliyfa RO e 8 IR SES, B .
provi de passive oi | Septembes §nandoAugusi26, 4981, respectivalyd These intermediategmelting ness
in the mouth. ( Seepolyol Polyesters 2xhibit a unique rheology at body temperature by virtue of
' their having a matrix which involves a minimal level of solids (e.g. about 12%
5 or lower) that bind the remaining liquid portion. As a result, these intermediate
melting polyol polyesters are sufficiently viscous and have a sufficiently high
liquid/solid stability at body temperature to provide passive oil loss control. An
éxample of such intermediate melting polyol polyesters are those obtained by
substantially completely esterifying sucrose with a 55:45 mixture of fully
10  hydrogenated (hardstock) and partially hydrogenated soybean oil fatty acid
methyl esters. (See Examples 1 and 2 of the above European patent
applications.) '
These intermediate melting polyol polyestérs can be used as total or
partial replacements for other fats and oils in various food products, including
'15  cooking and frying oils. However, it has been found that certain foods such as
potato chips fried in frying fats containing substantial .levels of these
‘nondigestible intermediate melting polyol polyesters, particularly at levels in
excess of about 40%, can give a significantly increased waxiness impression
compared to potato chips that have been fried in the digestible triglyceride fat
20  or oil that the nondigestible polyol polyester has partially replaced. (In terms
- of physical properties, "waxiness" relates to how the fat composition is sensed
in the mouth, and specifically relates in part to the sensation of the product
having a relatively high level of solids.) Indeed, this increased waxiness
impression with regard to these intermediate melting polyol polyesters is
25  recognized in the aforementioned European Patent Application No. 233,856
inasmuch as that application discloses fat compositions which contain digestible
food materials, such as triglycerides and substituted mono- and diglycerides,
that act as solvents for the intermediate melting polyol polyesters. However, as
the proportion of triglycerides is increased relative to the intermediate melting
30  polyol polyesters so as to impart less waxiness, the caloric content of the frying
fat also increases accordingly. In addition, it has been found that frying fats
containing greater than about 40% of these intermediate melting polyol
polyesters can adversely affect the flavor displéy of the resulting fried food, in
particular potato chips.

————
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Ber nhar dt; European Pat.ent Application Nos. 236,288 and 233, 856; Publi shed
Sept enber 9, and August 26, 1987, respectively.) These internediate nelting
pol yol polyesters exhibit a unique rheol ogy at body tenperature by virtue
ofrtheir hawoesmegmtri x which involves a mninmal |evel of sobcrivSOs 10111
about 12%5 or lower) that bind the remaining liquid portion. As a
rTesult, these internediate nelting pol yol pdfyesters are sufficiently

vi scous and have a sufficiently high liquid/solid stability at body
tenperature to provide passive oil loss control. An exanple of such

I nternmedi ate nelting polyol polyesters are those obtained by substantially

conpl etely esterifying r i t - 45 m e; y

hydr ogenat ed ( hardst ock)sﬂgeng‘ﬁ%ggsi Lﬁrﬂq?gﬁ‘&d?‘&g%éﬁa&d‘“g%? deﬂgh t(‘)‘%‘ﬁ"% a‘fotl ol acid

nmethyl esters. (Sepolyssterpisuch as ghese20fothe: aforemeatiened Ewopeas 288 cand '856

?pltol : cati onsi) lThesq)piieutiahmcﬁeamdrfelﬁeidue a?whstqh plxd Ity Giseirethangedin SulidUmed as -
otal or partial re r . f o

products, incl udi ng&i’gg‘%r{gg%ﬁ?%g'cgg%y ﬁ“f/’lgerq? t§%§¥29%ém@§§twéi(¥8@sﬁ.,g§g%

found that certaln Yobans badyttemperpisratio- ¥n6H373G).cHor example, the intermediate
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pol'yol polyesters, %r,ﬁﬁca% %é,)lzg’iﬁasla%\ﬁ’lcspr'oﬁle slope (as hereinafter defined) between
room temperature and body temperature of about <1.3. In other words, the
SFC profile slope of these intermediate melting polyol polyesters is relatively

10 steep. Given this relatively steep SFC profile slope, the change in solids
content of these intermediate melting polyol polyesters can be sufficiently great
such that a high level of solids will be sensed when such room temperature
materials are first placed in the mouth, thereby leading to an increased waxiness
sensation. o ' :

15 Blends of completely liquid' polyol polyesters with completely solid
polyol polyester hardstocks, preferably esterified with Cjg - Cyo saturated
fatty acids (e.g. sucrose octastearate), have also been proposed in order to
provide passive oil loss control. (See, for example, Jandacek; U.S. Patent
4,005,195; and Jandacek/Mattson; U.S. Patent 4,005,196; Both issued January

20 25, 1977.) Blends of these liquid polyol polyesters and solid polyol pplyester_s
hardstocks have relatively flat. SFC profile slopes between typical room
temperature and body temperature, i.e. slopes of from 0 to about -0.3, and

" more typically from O to about -0.1. In other words, there is little or no change
in the solids content of these blends between room temperature and body -

25  temperature. ' '

Although providing at least temporary passive oil loss control, blends of

liquid polyol polyesters and solid polyol polyester hardstocks according to the

~-. aforementioned U.S. ‘195 and ‘196 patents do not necessarily provide passive
oil loss control over an extended period of time. It has been found that these

- 30 solid polyol polyester hardstocks normally tend to form large spherulitic parti-
cles (typically from about 3 to about 32 microns in size) in the liquid polyol
polyesters. These large spherulit_'ic particles may tend to phase separate from

the liquid polydl polyesters during storage of such blends. As a result, a two-

phase system can develop with the liquid portion thereof providing minimal or
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excess of about 40% can give a significantly increased waxi ness inpréssion
conpared to potato chips that have been fried i n the digestible :
triglyceride fat 20 or oil that the nondigestible ponoI_ponester has
partially rewo®am9639 1 n terms of physical properties, "waxinepef/usebabfs to

how the fat conposition is sensed in the nouth, and specifically relates |n_

part to the sensation of the product haV|ng“§ relatlvely hi gh | evel of
solids.) Indeed, this increased waxiness inpression with regard to these
i nternedi ate nelting pol yol polyesters is 25 recogni zed in the

af orenenti oned European Patent Application No. 233,856 inasnmuch as that

application disclos ns whi ch contain digestible food
materials, such as ﬁﬁsﬁ@ecgi?l Sbé;rhg substituted nono- and digl ycerides,
t

that act as sol vents for “taH@'“P’h deof liquid palyal P?!gespﬁswaﬂw%pylag pelysster
However, as the prolmodstocks aebordinggtoy eieer hﬁﬁendnﬁomddClBEISBéiexﬁt@'4'71005\/1395t @nd he
internediate neltin a Xl.ness,
the caloric cont ent‘igo??!pt%6 &}OM{(}J&&@%‘E@ h%ﬁ?&géésgnéggo‘&ﬁﬁs Wiﬁ
addition, it has® beiBeser BAETS. tm&la fvelyi high 1'%{9‘50 selidapolyel palyester dardstosk imbout
40% of t hese i nt er nequirddetaTprdvidegpassivy il gs wohitréll S FeRlexanpe! haldstoat figct

the flavor display QielBfy Jse&W id Hodnt 'of Foh’But 20518 abdk Yods b{?%}e?g hoof M PS-
the liquid- polyol polyester. (See Column 9, lines 65-68, of U.S. Patent
4,005,195.) Such a level of solid polyol polyester hardstock used for passivé
- 10  oil loss control at body temperature can lead to a waxy tasting product due to
the relatively high level of solids that will also be present at mouth temperature.
In view of the foregoing, it would be desirable to provide nondigestible
fat compositions comprising blends of liquid polyol polyesters and solid polyol
polyester hardstock particles with such blends exhibiting little or no phase
15  separation of the hardstock particles from the liquid polyol polyesters. In
addition, it would be desirable to be able to reduce the level of solid polyol
polyester hardstock required for effective passive oil Joss control so as to
provide less waxy tasting products.
In addition to being useful as passive oil loss control agents when
20 combined with liquid nondigestible oils, certain polyol polyesters which are
solid at temperatures of about 25°C and higher have also been used as
thickening agents for conventional digestible triglyceride oils. For example,
these solid polyol polyesters have been used as "thickening agents" for blending
, with liquid digestible or nondigestible oils in formulations such as shortenings,
25  as well as in other food products which contain a combination of fat and non-
fat ingredients, e.g., margarines, mayonnaise, frozen dairy desserts and the like.
(See, for example, Jandacek and Letton; U.S. Patent 4,797,300; Issued January
10, 1989.) However, these prior art thickening agents had to be used at levels
of 10 to 25%. Accordingly, it would be desirable to reduce the level of
30  thickening agents of this type in order to provide less waxy tasting products.

SUMMARY OF THE INVENTION

The present invention relates to nondigestible fat compositions which
are useful as replacements for triglyceride fats and oils in food products. Such
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\

This Sheet Has g eplaced

W

4

-



-3- The waxiness inpression inparted by internediate nelting polyol
pol yesters such as those of the aforenentioned European '288 and ' 856
applications i's believed to be due at least in part to their change in

Sqlid Fat ngtﬁ FO), partlcul arly between typical roomtqsmg g§3;rm1
(i.e. 70[err BPW [err]C.) and body tenperature (i.e. v !

37[err]C.). For exanpl e t he -i nt er nedi ate nebti ng sucrose pol yester of

Exanpl e 2 of European Patent Application Nos. 233,856 and 236,128 has an
SFC profile slope (as hereinafter defined) between roomtenperature and
body tenperature of about -1.3. In other words, the SFC profile slope of

hi s rel atively st cBmRgeopt B1Ye & SRIE! Cantent ASFGL TSP LensBr Bhmor -
these internedi at e temiperange lo‘mvphnd)w@e&mpemtma(%lﬁl’h of fromi @ta hjouy @35 such
that a high |evel Ot/sﬁlﬁis"’gs Shdl &ﬁ‘%o% ﬁ@ﬁ.mﬂ?@oapﬁéz A GR0! RSRIZeRIN Bil
materials are first avmacgd A ﬁ% *1}3 q| to an J ncreased
waxi ness g dispersed therein no lgest e SO yo polyester particles in an
5 amount sufficient to control passive oil loss upon the ingestion of the
" nondigestible fat compositions.
The liquid nondigestible oil component of the compositions herein is
one which has a complete melting point below about 37°C. The polyol
polyesters which can be used to form the solid nondigestible particles in the
10  compositions herein are those wherein the ester groups thereof consist
essentially of (i) at least about 15% ester groups formed from long chain (Cpq
or higher) saturated fatty acid radicals, and (ii) other ester groups formed from
fatty or other organic acid radicals which are dissimilar to said long chain
saturated fatty acid radicals. The molar ratio of dissimilar acid radicals to long
15 chain saturated fatty acid radicals ranges from about 0.1:7.9 to about 3:5.
Moreover, the dissimilar acid radicals cannot consist solely of short chain (Ca--
C12) saturated fatty acid radicals, long chain (C17 or higher) unsaturated fatty
acid radicals or a combination of said short chain saturated or long chain

‘unsaturated fatty acid radicals. ,

20 The nondigestible fat compositions of the present invention provide
significant advantages over known intermediate melting polyol polyesters, as
well as prior art biends of liquid polyol polyesters and solid polyol polyester
hardstocks. The relatively small nondigestible particles provide especially
efficient passive oil loss control. As a result, the level of solids at body

25  teniperature required for passive oil loss control can be reduced to relatively
low levels, (e.g., to less than about 20%, more preferably, to less than about
15% of the nondigestible fat). In addition, the nondigestible fats of the present

- invention have relatively flat SFC profile slopes, thus leading to minimal or no
change in solids content between typical room and body temperature. This

30  combination of the relatively low solids levels required for passive oil loss
control, with minimal or no solids content change between room and body
temperatures, can result in less waxy tasting products containing these
nondigestible fats.

The present invention also relates to digestible fat compositions which
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sensation. 15 Bl ends of conpletely liquid polyol polyesters wth -
compl etely solid polyol polyester hardstocks, preferably esterified with
Clerr] - C22 saturated fatty acids (e.g. sucrose octastearate), have also
been proposef biyedgader to provide passive oil |oss control. (FERFUSIIVI0NL .
exanple Jandacek; U.S. Patent 4,005,195; and Jandacek/ Mattson; U.S. Patent
4,005, 196; Both |ssued January 20 25, 1977.) Blends of these liquid

pol yol polyesters and solid polyol polyesters hardstocks have relatively

flat SFC profile-slopes between typical roomtenperature and body
tenperature, i.e. slopes of fromO to about -0.3, and nore typically fromO

to about -0.1 In ol a@@ﬁ&é oft B ifreubelold Wbrifld Rﬂ\dﬁé@%ﬁﬁ@gb@t { Byt ds

content of these blen ween roomte rature.a %rature
Al t hough provi ding mpterialas thickenigg agenss. é&l%@"%ﬁ“@“ﬁ&g@i’%rﬁ%i’ oupB3%de of
| i qui d pol yol pol yesbont 99%nat asdiestible ekiptel oxbaidyﬁahabomah%im abds 14%coftheng to

t he af orenenti oned H%nﬁoqestib?és@iﬁ%olg&gﬁl %PB& not necessarily provide
e e

passive oil |oss con over ten riod of tine. It has been found
that these 30 %olid pol yol polyester hardstocks nornally tend to form
| arge spherulitic parti- BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a photomicrograph (magnification 1000X) depicting
particles of diversely esterified solid polyol polyester material containing toluic

acid as the dissimilar acid radical, said solid polyol polyester dnspersed ina
10 liquid sucrose polyester.

DETAILED DESCRIPTION OF THE INVENTION
A. Definitions
By "nondigestible" is meant that only about 70% or Iess of the material
15 can be digested by the body. Preferably, only about 20% or less of such
materials-can be digested, more preferably only 1% or less of such materials
can be digested. |
As used herein, the term "thlckness“ of a particle is used in its
conventlonal sense of the smallest of the three dimensions (length, width,
20  height) of any given particle. _
As used herein, the term "spherulitic” refers to substantially spherical or
round, essentially three-dimensional particles.
As used herein, the term “platelet-like" refers to a substantially flat,
essentially two-dimensional type of particle having length and width in the
25  unfolded planar configuration that is substantially greater in.dimension than its
thickness. _
As used herein the terms "filament-like" and “rod-like" refer to
_elongated, essentially one-dimensional particles.
As used herein, the term "complete melting point” refers to the
30 temperature at which all solid components have melted. All melting points
referred to herein are measured by Differential Scannmg Calorimetry (DSC) as
described hereinafter.
As used herein, the term "compriSing" means various components, or
steps, can be conjointly employed in the nondigestible fat compositions and
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cles (typically fromabout 3 to about 32 mcrons in size) in the liquid
pol yel ponesters"These | arge spherulitic particles may tend to phase
separate frgmthe |liquid polyol polyesters during storage of such bl ends
A&pa resul t WOI40%39 phase system can devel op with the |iqui d BSI/USEMI0ITT
thereof providing mnimal or . -4- no passk¥e oil loss control. In
addition, blends of |iquid polyol polyesters and solid polyol polyester

. hardstocks according to the aforenentioned U. S. Patents 4,005,195 and
4,005, 196 do not necessarily lead to | ess waxy tasting products As taught
in5 these patents, a relatively high | evel of solid polyol polyester
har dst ock is requi rREgeessss pefothedBregans Jnyestion.| Aecpsdingint the| termpigomprising)] e,

hardstock is pref erenbonipassesdhe moferestittivet tefis "consisting essenti§oofy "adisistingd 0% by

wei ght of the |iqui y, V. ejp (See Oolurm9 | i nes 65-68, of U.S.
Pat ent 4, 005, 195.) U%ﬁh "sx&ﬂ{gsgﬁys%l i d pol yol polyester hardstock used
for passive As used herein, the term * not consnstmg solely of" means consisting of

5 less than 100%, preferably consisting of less than 80%, more preferably
consisting of less than 60% . .
By "polyol" is meant a polyhydric alcohol containing at least 4,
preferably from 4 to 12, more preferably from 4 to 8, most preferably from 6 to
8, hydroxyl groups. Polyols thus include sugars (i.e., monosaccharides,
10  disaccharides and trisaccharides), sugar alcohols (i.e., the reduction product of
sugars wherein the aldehyde or ketone group has been reduced to an alcohol),
other sugar derivatives (e.g., alkyl glycosides), polygiycerols such as diglycerol
and triglycerol, pentaerythritol, and polyvinyl alcohols. Specific examples of
suitable sugars, sugar alcohols, and sugar derivatives include xylose, arabinose,
15 rbose, xylitol, erythritol, glucose, methyl glucoside, mannbse, galactose,
' fructose, sorbitol, maltose, lactose, sucrose, raffinose, and maltotriose.
Preferred polyols include erythritol, xylitol, sorbitol, and glucose, with sucrose
being an especially preferred polyol.
By "polyol polyester" is meant a polyol as hereinbefore defined having
20 at least 4 ester groups, i.e., at least 4 of the hydroxyl groups are esterified with
fatty or other organic acids. Polyol esters that contain 3 or less ester groups
are digested in (and the products of digestion are absorbed from) the intestinal
tract much in the manner of ordinary triglyceride fats or oils, whereas those
polyol esters which contain 4 or more ester groups are generally substantially
25  nondigestible and consequently nonabsorbable by the human body. It is not
necessary that all of the hydroxyl groups of the polyol be esterified, but it is
preferable that disaccharide molecules contain no more than 3 unesterified
hydroxyl groups, and more preferably no more than 2 unesterified hydroxyl
groups, so that they are rendered nondigestible. Typically, substantially all
30 (e.g., at least about 85%) of t! hydroxyl groups of the polyol are esterified.
For liquid polyol polyesters, preferably at least about 95% of the hydroxyl
groups of the polyol are esterified. In the case of sucrose polyesters, typically
from about 7 to 8-of the hydroxyl groups of the polyol are esterified.
By “ester group” is meant a moiety formed from the reaction of a
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10 oil loss control at body tenperature can lead to a waxy tasting
proquct due to the relatively high Ievel of solids that will also be
present at erature. In view of the foregoing, it ' .
desirabl e tgpdﬁ%\?ﬁ nondi gesti bl e fat conpositions conprising bPe%3 ““3

|1 qui d pol yol polyesters and. solid polyol pblyester hardstock particles

with such blends exhibiting little or no phase 15 separation of the

hardst ock particles fromthe |iquid polyol polyesters. In addition, it

woul d be desirable to be able to reduce the | evel of solid polyol polyester
har dst ock required r fectiv assive o contro]. so as to rovide
| ess’ waxy tasting pl?g {gm"'l" P?’“E i FEHP ‘Ecbd B’e‘?ﬁ‘éaﬂy@?m Q&ﬁmﬂéx 9%’“ | 0ss
control agents wherfaPacid aralidri atlsstt organic rhdicals hvingatilegst 2tcatbos atnn’lsstYPmeli)t ain
pol yol polyesters vjijef: ﬁﬁ:”arb%ﬁ'dt&ln@tm&r@@ﬁéaﬁ&% @e%stoiz YT a%'ﬁ[se'&ﬁd tmodnd

hi gher have al so been as t e Qr convent di tible
triglyceride oils. é@)@é ftot6 ‘Eaﬁ?é’é’é“t%'gﬁ eqqueptgpvepgﬁay\g& k ﬁ%a@%y g’?—ﬁg

used as "thicker$i ng)thgengaxﬂc acid r&dﬁuabdnd@mcem | propidnic, dingyeist cdpirdicpcapric,

nondi gestible oils 4 W‘Htx@t 'xﬁ&‘?&to‘fé{& ﬁﬁnt&hoﬁathg?f%lglg&stegéc ofR, V‘ﬁ!uhxcas in

ot her food products, |ch nat | on non-
i ngredi ents, e.g., TRAVEG ﬁ ﬁ'ﬂ%u {,505 Far'{‘}zeqﬁa 16,  aTgehidQnig, %h?ﬂ"’:t he
li ke. lignoceric, erucnc and cerotic fatty acid radicals and other organic acid radicals

including aromatic esters such as benzoic and toluic; branched chain radicals
10  such as isobutyric, neooctanoic or methyl stearic; ultra-long chain saturated or
unsaturated fatty acid radicals such as tricosanoic or tricosenoic; cyclic
aliphatics such as cyclohexane carboxylic; and polymeric ester-forming radicals
such as polyacrylic and dimer fatty acid. The fatty acid or other organic
radicals can be derived from naturally-occurring or synthetic acids. The acid
15  radicals can be saturated or unsaturated, including positional or geometric
isomers, e.g. cis- or trans-isomers, straight or branched chain aliphatic or
aromatic, and can be the same for all ester groups, or can be mixtures of
different acid radicals.
By "dimer fatty acid radical” is meant dibasic acid such as that
20 produced by dimerization of the fatty acids or fatty acid lower esters of any of
a number of polyunsaturated vegetable oils such as soybean oil or cottonseed
oil or animal fats such as tallow.
All percentages, ratios and propomons used herein are by weight unless
otherwise specified. '

25 B. Liquid Nondigestible Oil
A key component of the nondigestible fat compositions herein is a

liquid nondigestible oil having a complete melting point below about 37°C.

~ Suitable liquid nondigestible edible oils for use herein include liquid polyol fatty
-~ acid polyesters (see Jandacek; U.S. Patent 4,005,195; Issued January 25,
30  1977); liquid esters of tricarballylic acids (see Hamm; U.S. Patent 4,508,746,
Issued April 2, 1985); liquid diesters of dicarboxylic acids such as derivatives

of malonic and succinic acid (see Fulcher; U.S. Patent 4,582,927; Issued
April 15, 1986); liquid triglycerides of alpha-branched chain carboxylic acids

(see Whyte;, U.S. Patent 3,579,548, Issued May 18, 1971); liquid ethers and

———

This Sheet Has Been R

LT




(See, for exanple. Jandacek and Letton, U S. Patent 4,797, 300; |ssued
January 10, 1989.) However, these prior art thickening agents had to be
used at levels of 10 to 25% Accordingly, it would be desirable to reduce

the level ofy3fo, kening agents of this type in order to ppeyiGssrRIH
waxy tasting produc?!F SUMVARY OF THE kNVENTI ON The present mven@on

rel ates to nondigestible fat conpositions whi%h are useful as replacenents
for triglyceride fats and oils in food products. Such -5- conpositions
have a Solid Fat Content (SFC) profile slope between roomtenperature
(70[err]F) and body tenperature (98.6[err]F) of fromO to about -0.75

%solids/[err]F. Such conpositions further conprise lig a’énondl estible
oi | having di sper sedthehesst GoBtaMingedhe Mreepeaby | moisty (i5¢ 3 sUet g&‘ﬂ‘q cles
inan 5 anount sufX962j4das Issued ANovt 29| 19665 diquid fattyl pdlyeisersipOpolydiyretat et | on

of the nondigestibl §yfnir GOBPAFS! IPARRe 3,932,532; Issued Jan. 13, 1976); liquid alkyl
glycoside fatty acid polyesters (see Meyer et al; U.S. Patent 4,840,815; Issued
5 June 20, 1989); liquid polyesters of two ether linked hydroxypolycarboxylic
acids (e.g., citric or isocitric acid) (see Huhn et al; U.S. Patent 4,888,195;
Issued December 19, 1988); liquid esters of epoxide-extended polyols (see
White et al; U.S. Patent 4,861,613; Issued August 29, 1989); as well as liquid
polydimethyl siloxanes (e.g., Fluid Silicones available from Dow Corning). All
10 of the foregoing patents relating to the liquid nondigestible oil component are
incorporated herein by reference.
Preferred liquid nondigestible oils are the liquid polyol fatty acid
polyesters that comprise liquid sugar fatty acid polyesters, liquid sugar alcohol
fatty acid polyesters, and mixtures thereof. The preferred sugars and sugar
15  alcohols for preparing these liquid polyol polyesters include erythritol, xylitol,
sorbitol, and glucose, with sucrose being especially preferred. The sugar or
sugar alcohol starting materials for these liquid polyol polyesters are preferably
esterified with fatty acids containing from 8 to 22 carbon atoms, and most
preferably from 12 to 18 carbon atoms. Suitable naturally occurring sources of
"20 such fatty acids include corn oil fatty acids, cottonseed oil fatty acids, peanut:
oil fatty acids, soybean oil fatty acids, canola oil fatty acids (i.e. fatty acids
derived from low erucic acid -rapeseed oil), sunflower seed oil fatty acids,
sesame seed oil fatty acids; safflower oil fatty acids, fractionated palm oil fatty
acids, palm kernel oil fatty acids, coconut oil fatty acids, tallow fatty acids, and
25 lard fatty acids. ' " |
The nondigestible polyol fatty acid polyesters that are liquid are those
which have minimal or no solids at body temperatures (i.e.,, 98.6°F, 37°C).
These liquid palyol polyesters typically contain fatty acid ester groﬁps having a
high proportion of C ;2 or lower fatty acid radicals or else a high proportion of
30 Cjg or higher unsaturated fatty acid radicals. In the case of those liquid polyol
polyesters having high proportions of unsaturated Cyg or higher fatty acid
radicals, at least about half of the fatty acids incorporated into the polyester
molecule are typically unsaturated. Preferred unsaturated fatty acids in such
liquid polyol polyesters are oleic acid, linoleic acid, and mixtures thereof.
\\
This Sheet Hag g

B

i m/

" REPLACED




The |iquid nondigestible oil conponent of the conpositions herein is one
whi ch has a conpl éte nelting point bel ow about 37[err] C. The polyol

pol yesters which can be used to formthe solid nondigestible particles in
the 10. cowopsi/696ams herein are those wherein the ester growpcI/v$evrail
consi st essentially of (i) at |east about 15% ester groups fornmed from/long
chain (C20 or higher) saturated fatty acid *%di cals, and (ii) other ester
groups forned fromfatty or other organic acid radicals which are
dissimlar to said long chain saturated fatty acid radicals. The nol ar
ratio of dissimlar acid radicals to | ong 15 chai'n saturated fatty acid

el d radi cal s cannot . condtsOEKE; yeopouisine” ssmnl 85 Beec liyia, Bt o
fatty acid radi cal Polyesters suitablefor @edn the psesenti inyention: suerase tetsaalentd, asucrgseaci d
5 o SRR e R A S G
compost 11 ons of 1 haumPRUERIE B asiéetsrs of wralediiprienn ofl YRR FRgB oy o
known i nt er nedi &t e fattyl acidsgeotionsesd of fittyasidercorn eibfatg latids peqnut oil fatytacids,ends
of Iiquid polyof pohprémEiSilraty a8l brRebomt off Bl giladsd Sttiokeate, e
relatively smll ng uq:lo etSeErLet)slte?'s bf E:(Ec!o%lljtegil rrggslagu?atgi ggy%'eéinl (l)l¥ fatty acids, the
mannose tetraesters of mixed soybean oil fatty acids, the galactose tetraesters
of oleic acid, the arabinose tetraesters of linoleic acid, xylose tetralinoleate,
10 galactose pentaoleate, sorbitol tetraoleate, the sorbitol hexaesters of
unsaturated soybean oil fatty acids, xylitol pentaoleate, and mixtures thereof,
The liquid polyol polyesters suitable for use in the compositions herein
can be prepared by a variety of methods known to those skilled in the art.
These methods include: transesterification of the polyol (i.e. sugar or sugar
15 alcohol) with methyl, ethyl or glycerol fatty acid esters containing the desired
acid radicals using a variety of catalysts; acylation of the polyol with a fatty
acid chloride; acylation of the polyol with a fatty acid anhydride; and acylation
of the poiyol with the desired fatty acid, per sec. (See, for example, U.S.
Patent Nos. 2,831,854, 3,600,186, 3,963,699, 4,517,360 and 4,518,772, all of
20 which are incorporated by reference. These patents all disclose suitable
methods for preparing polyol fatty acid polyesters.) |
C. Solid Polyol Polyester Component
A second key component of the nondigestible fat compositions herein
comprises relatively small nondigestible solid particles of certain polyol
25  polyester material that are dispersed in liquid nondigestible oil to control or
prevent passive oil loss. These particles can be in variety of forms and shapes,
including spherulitic, platelet-like, filament-like, or rod-like, or combinations of
these various shapes, but are t);pically spherulitic or platelet-like. The thickness
of these particles is typically about 1 micron or less. Thinner particles,
30 however, are preferred from the standpoint of providing more efficient passive
oil loss control of the liquid nondigestible oil component of the compositions
herein. Accordingly, these particles preferably have a thickness of about 0.1
micron or less, more preferably about 0.05 microns or less. These solid
particles also have a complete melting point above about 37°C, preferably
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efficient passive oil l.oss control. As a result, the level of solids at
body: 25 tenperature required for passive oil Loss control can b? reduced
to relatively lowlevels, (e.g., to |less than about 20% nore prefera

ta | ess thaﬁ%ﬂﬂﬂ? 639504, of Ehegnondl gestible fat). In additionf /F\J§93"°“
nondi gesti bl e fats of the present invention pgve relatively flat SFC
profile slopes, thus leading to mnimal or no change in solids content
between typi cal room and body tenperature. This 30 .conbination of the
relatively low solids |evels required for passive oil loss control, with

m nimal or no solids content change between room and body tenperatures, -can
result in | ess waxy abewstabout 56PC.cuere preferabipiabivegbont662C.nondi gestible fats.

The present invention al §Re ﬁ&kﬁtyﬁfye&t@r ﬂhﬁﬁatméhefoﬁﬂ«hhe&gmﬁm & lggp \o@;lle%gl

p

-6- utilize particle I'nbef.ore .descri
pol yester nateri al 5@""?41‘“6’&@&9“‘5 ﬁf‘%g Pt a5 ‘E"GH‘E%FX aﬁr@gE’Sﬁ‘ﬁﬁl §§@“F‘Som
about 85%to Calorimetry (DSC) descnbed hereinafter in the Analytical Methods section

5  which is sufficiently high such that the nondlgestlble particles themselves will
have the hereinbefore specified melting point characteristics when such _
particles are dispersed in the liquid nondigestible oil. For example, a polyol
polyester material having a complete melting point right at 37°C may not form
solid particles having a complete melting point above about 37°C when such

10  particles are dispersed in the liquid nondigestible oil. Thus, in some cases, the
complete melting point of the neat polyol polyester material may have to be
slightly higher than 37°C, e.g., about 40°C or higher, in order to form solid _
particles having a complete melting point of 37°C when such particles are
combined with the liquid nondlgestlble oil.

15 The nondigestible particles can generally be dispersed as discrete,
unaggregated entities in the liquid nondigestible oil. However, these
nondigestible particles can also cluster together to form much larger aggregates
which are dispersed in the liquid Inondigestible oil. This is particularly true of
those nondigestible particles that are platelet-like in form. Aggregates of

20  platelet-like nondigestible particles typically assume a spherulitic shape that is
porous in character and thus capable of entrapping significant amounts of liquid
nondigestible oil. It is believed that this porous structure and its concomitant
ability to entrap large amounts of liquid nondigestible oil is why these
aggregated, platelet-like particles, while not as efficient as the particles in

25  unaggregated form, can provide very effective and efficient passive oil loss

control.

The nondigestible particles for use in the compositions herein comprises
certain solid polyol polyesters which have their ester group-forming fatty acid

_ radicals selected so that the polyol backbone does rot contain all of a single

30  type of ester group. Generally, these polyol polyesters contain two basic types
of ester groups. These are (i) groups formed from certain long chain saturated
fatty acid radicals. and (ii) groups formed from acid radicals which are
“dissimilar” to the long chain saturated fatty acid radicals. When these
"dissimilar” fatty acid and/or organic acid radicals are esterified onto a polyol
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about 99% of a digestible edibl e oil and from about 1%to about 15%of the -

nondi gesti bl e soli"d pol yol polyester particles. 5 BRI EF DESCRI PTI ON OF THE

DRAW NG Figure 1 is a photonicrograph (magnification 1000X) depictin

particles oWQi94/09638| y esterified solid polyol polyester mat& ép593"g°1"
containing toluic acid as the dissimlar acygd radical, said solid polyol
pol yester dispersed in a 10 |iquid sucrose polyester.
OF THE I NVENTION A. Definitions By "nondigesti bl e"
70% or less of the material 15 can be digested by the body. Preferably,

| ess of such materials can be digested, nore preferably
only 1% or |ess of thatcbntains@r wdll somain Idng chaipesatueaied fasty usricratieslgithey wille t erm

§es§£r eRcsdm! | est

only about 20% or

of the three di nensjons

L STERS O, SRR i SO 5

15

20

25

30

thereby altering the crystal structure as these molecules pack together. This
diverse esterification can be due to differences in length of the ester-forming
radicals (e.g., short chain versus long chain), or other steric factors, e.g.,
branched chain versus straight chain, unsaturated chain versus saturated chain,
aromatic versus aliphatic chain, etc. Polyol polyesters containing these “"long
chain" and "dissimilar" ester groups are called "diversely esterified polyol
polyesters”. . _ _

a) Long Chain_ Saturated Fatty Acid Component of the Diversely

Esterified Polvol Polyester Qil Loss Control Particles .

The ester groups of the diversely esterified nondigestible polyol

polyester particles must include those formed from certain long chain saturated
fatty acid radicals. Suitable long chain saturated fatty acid radicals comprise
those which contain from 20 to 26, most preferably 22, carbon atoms. The
long chain saturated fatty acid radicals can be used singly, or in mixtures with
each other, in all proportions. In addition, straight chain (normal) fatty acid
radicals are typically used as the long chain saturated fatty acid radicals which

~ form the ester groups of the diversely esterified polyol polyester. Examples of -

suitable long chain fatty acid radicals include eicosanoate (arachidate),
docosanoate (behenate), tetraconsanoate (lignocerate), and hexaconsanoate

. (cerotate).

b)  Dissimilar gster-groug' Forming Component of the Diversely
Esterified Polyol Polyester Oil Loss Control Particles

The ester groups of the diversely esterified nondigestible polyol
polyester particles must. also include those formed from certain dissimilar acid
radicals as hereinafter defined. Such dissimilar radicals can comprise Cy2 or
higher unsaturated fatty acid radicals or CQ-CIZ saturated fatty acid radicals or
mixtures thereof or can be of the aromatic ester-forming type, or other types
such as ultra-long chain or various branched cyclic or substituted acid radicals.
No matter what type of dissimilar acid radical is utilized to form the diversely
esterified polyol polyester oil loss control particles herein, such particles should
not consist solely of diversely esterified solid polyol polyesters where the
dissimilar ester-forming acid radicals comprise Cj or higher unsaturated fatty

e
[
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is meant that only about

I'ven particle.
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As used herein, the.term"spherulitic" refers to substantially spherical or
round, essentially three-dinmensional particles. As used herein, the term
"platelet-like" refers to a substantially flat, essentially two-dinmensional

type of part iwbafmeézng | ength and width in the 25 unf ol ded PCRUBY3/10111
configuration that is substantially greater In dinmension than its

t hi ckness. As used herein the terms "fil ament¥ike" and "rod-1ike" refer to
el ongat ed, essentially one-dinmensional particles. As used herein, the term
"conplete nelting point” refers to the 30 tenperature at which all solid
conponents have nelted. Al nelting points 'referred to herein are neasured

by D Terential Seanaiag GRbal ICEELy AR BS88L IR B SRR e, .,
be conj oi nt I y enpl oy dNondigestible proticlesgesed iimthe &hﬁommms Pf thespraseqt invention
should preferably comprise no more than about 80%, and typically no more
than 60%, of such diversely esterified solid polyol polyesters having these .
5  particular long chain unsaturated and/or short chain saturated fatty acid radicals
as the dissimilar acid radical substituent.
i) - Long Chain Unsaturated Radicals

A preferred class of "dissimilar" acid radicals comprises long chain

unsaturated fatty acid radicals. Suitable long chain unsaturated fatty acid -
10 radicals contain at least 12, preferably from 12 to 26, more preferably from 18
to 22, most preférably 18 carbon atoms.

Examples of suitable long chain unsaturated fatty acid radicals for use
in forming diversely esterified polyol polyesters include monounsaturated fatty
acid radicals such as lauroleate, myristoleate, palmitoleate, oleate, elaidate, and

15 erucate, and polyunsaturated radicals such as . linoleate, arachidonate,
linolenate, eicoszipentaénoate, and docosahexaenoate. In terms of oxidative
stability, the monounsaturated and diunsaturated fatty acid radicals are
preferred. _ |

it) Short Chain Saturated Radicals _
20 Another preferred class of "dissimilar" acid radicals comprises short
- chain saturated fatty acid radicals. -Suitable short chain saturated fatty acid
radicals contain from 2 to 12, preferably from 6 to 12, and most preferably 8 to
12, carbon atoms. Examples of suitable short chain saturated fatty acid
radicals are acetate, butyrate, hexanoate (caproate), octanoate (caprylate),

25 decanoate (caprate), and dodecanoate (laurate).

iii) Aromatic Dissimilar Ester-Forming Radicals

Another suitable class of dissimilar ester groups comprises those
formed from aromatic radicals. Aromatic radicals can be derived from a wide
variety of aromatic compounds including benzoic compounds such as benzoic
30 acid or toluic acid; amino benzoic compounds such as aminobenzoic and
aminomethyl benzoic acids; hydroxybenzoic compounds such as
hydroxybenzoic, vanillic and salicylic acids; methoxybenzoic compounds such

as anisic acid; acetoxyphenylaceiic compounds such as acetylmandelic acid;
halobenzoic compoundS such as chlorobenzoic, dichlorobenzoic, and

—
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-7- processes of the present invention. Accordingl

"not consistWB 4 k y of" nmeans consisting of 5

than 60% By "polyol" is meant a pol yhydri c-¥4 cohol

nonosacchari des, 10 -disaccharides and trisacchari

- OC¢ y, the term

conpri sing"” enconpasses the nore restrictive terms "consisting essentially
of", "consisting of", and "consisting solely of". As used herein, -the term
1 | ess than BEffs93/10111
preferably consisting of |ess than 80% nore preferably consisting of |ess
contai ning at | east 4,
preferably from4 to 12, -nore preferably from4 to 8, nost preferably from
6 to 8, hydroxyl groups. Polyols thus include sugars (i.e., '

des),
al deh

sugar al cohol s

(i.e., the reduction producgt of, sugars wherein th
has been reduced t offaToRENZQIR ACs. o?-)ﬁa]éﬁ’ €°

yppapc FEF

gl ycosi des), pol ygl stasloyedssushial aastyld bejizpice cathica phienylbengiojec @nd | nicotinic; and

pentaerythritol,

sugars, sugar al coh

er SAbAxYlic Thesgy arpmatie typge fissimi

ri bose, xylitol,

n Vi r i fi f i
gﬁlgé’}l:ﬁé:n dd?é’:hatﬁe' Golells - ina&ih f Asorene raattRRyIR] ﬁdrd:a gadr}iéesﬁe, .
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iv) Other Dissimilar Ester-Forming Radicals

Various other ester-forming radicals can also serve as those which form
the dissimilar ester groups of the diversely esterified polyol polyester particles
used herein. Such other radicals can be branched chain alkyls, e.g., methyl
alkyl radicals such as methyl stearic, isobutyric, and isovaleric; ultra-long chain
saturated or unsaturated radicals including tricotanoic and tricontenoic; cyclic
aliphatic radicals including cyclobutane carboxylic, cyclopeﬁtane carboxylic,
cyclohexane carboxylic, cyclohexane acetic, and hydroxycyclic. such as
ascorbic; polycyclic aliphatics such as abietic; polymeric ester-forming acids
such as polyacrylic and dimer fatty acid; and alkyl chain esters with "functional”
groups attached including haloalkyl corhpounds such as chlorostearic,
chlorbcaprylic, chloroacetic, bromostearic, bromocaprylic, and bromoacetic;
aminoalkyl compounds such as aminocaprylic and aminostearic; phenoylalkyl
compounds such as benzoylbutyric; and phenylalkyl compounds such as phenyl
acetic. These "other" dissimilar radicals can also be used singly, or in mixtures
with each other, in all proportions.

. c) Preparation of Diversely Esterified Polyol Polyesters

The diversely esterified polyol polyesters of the ~type hereinbefore
described can be prepared by esterifying the desired polyol with the requisite
type of ester-forming radicals. Mixed fatty acid radicals from oils which
contain substantial amounts of the desired dissimilar and/or long chain
saturated fatty acids can be used as the sources of fatty acid radicals in
pfeparing the solid polyol polyesters used in the present invention. The mixed
fatty acids from such oils should preferably contain at least about 30%
(preferably at least about 50%, and most preferably at least about 80%) of the
desired dissimilar and/or long chain saturated fatty acids. For example,. palm

- kemnel oil fatty acids can be used instead of a mixture of the respective pure

saturated fatty acids having from 8 to 12 carbon atoms. Similarly, rapeseed oil
fatty acids or soybean oil fatty acids can be used instead of a mixture of the

_—
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Preferred polyols include erythritol, xylitol, sorbitol, and glucose, wth
sucrose being an especially preferred polyol. By "polyol polyester" is

<« nmeant a pol yowme4/bes3¢i nbef ore defined having 20 at | east 4 @EOTEUSH/LOIPS,
i.e., at least 4 of the hydroxyl groups are- e§§er|f|ed with fatty .or ot her
organi c acids. Polyol esters that contain 3 or |l ess ester groups are
digested in (and the produtts of digestion are absorbed from the
intestinal tract much in the manner of ordinary triglyceride fats or oils,
wher eas those polyol esters which contain 4 or nore ester groups are

By Che. hman body. | (e e e oY et ot o ot
the polyol be esteri 136:Eprbqn, Atoms, 4“3(’119? %fht?i’ehyflﬁ’gfn %éﬁgg' ‘8(58??57 & es
contain no more than fatyaidstcan ibé usd ihpbicori/s mixtareof, thanﬂpmweppwdbmdbiry no
more than 2 unesteri fd @%E&f{d‘gg&&hs B Rom D) iof@é cdrbié. qfr@fefaﬁl}dﬁ{eeé%

al ut 85%

nondi gesti bl e. Typ| ca tant| al east ab
of [err] .hydroxyl Sgr d‘é&?@" gFids er Hlﬂ"y@? "é‘t"@s‘&& eWF‘ﬁWIeg‘terﬁo?rel CORGEIratssh (o
pol yesters, preferable)tamplellgabsnllainmut 95% of the hydroxyl groups of the -

pol yol are esterified. I'n r
about 7 to 8 of the hydr o>-<IthP rouﬁ’s ?rﬁi‘éﬂ goid n39+x %i:i%l@ Iyoi ¥w§ly&3&1 ﬂar{:él?sm
_ erem and prepared from the vanous sources O amd radicals as outlined

hereinbefore will generally contain at least about 15%, preferably at least about
10 30%, more preferably at least about 50%, and most preferably at least about
80%, of the long chain saturated fatty acid radicals along with at least some of
the dissimilar acid radicals. In the diversely esterified polyol polyester materials
~ used herein, the molar ratio of dissimilar radicals to long chain saturated fatty
acid radicals can range from about 0.1:7.9 to about 3:5, preferably from about
15 0.5:7.5 to about 2:6, more preferably from about 1:7 to about 1.5:6.5. A
typical suitable molar ratio of dissimilar acid radicals to long chain saturated
fatty acid radicals is about 1:7.
The dxversely esterified solid polyol polyester matenals useful herein
“can be made according to prior known methods for preparing polyol
20 polyesters. Since the sucrose polyesters are the preferred solid polyol
' polyesters for use in the present invention, such preparation will be exemplified -

primarily by these materials. One such method of preparation comprises
 reacting the acid chlorides or acid anhydrides of the desired ester-forming
acids, or the acids per se, with sucroée, preferably using a sequential
25  esterification process. In this sequential esterification process, sucrose is
initially partially esterified with the dissimilar acid chlorides, followed by
complete or substantially complete esterification of this initial reaction product
with the long chain saturated fatty acid chloride, in that order, or in reverse
order. (See Letton; European Patent 311, 154; Published April 12, 1989,

30  herein incorporated by reference).

Another method for preparing these diversely esterified solid polyol
polyesters is by the process of reacting methyl esters of the desired ester-
forming acids with sucrose in the presence of a fatty acid soap and a basic
catalyst such as potasSium carbonate. (See, Jandacek et al; U.S. Patent
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By "ester group” is neant a noiety formed fromthe reaction of a
hydrexyl group with an organic acid or acid derivative which noiety
contains fatty acid and/or other organic radicals having at |east 2 carbon

at.ons, typi Ieast 8 carbon atons, nore typically at |east 12 carbon

at ons, a%g ﬁgb§%{ %ally at least 16 carbon atoms. RepresentBETAHSI3MAHI es °
of such fatty and ot her organic acid radjgcal s i nclude acetic,

pr opi oni c, butyrlc caprylic, capric, lauric, myristic, nyristoleic,

palmtic, palmtoleic, stearic, oleic, elaidic, ricinoleic, |linoleic,

| i nol enic, eleostearic, arachidic, arachidonic, behenic, |ignoceric,

erucic, and cerotic fatty acid radicals and other organic acid radicals
i ncl udi ng aromati c 439%3¢0; dssued kasudre 10.01989 2Ridzited aliLES. Ratenn 31963, 689 dssued

r ﬁdi cals 10 SSCh a.ﬁxnbsltgblg?r Vel ﬁl?eﬁpﬁgrl%&\t Qrsallggﬁf'%suﬁé 'rflic lgéa%\{)l Cl gpg
tCr ?Lgszﬁg%?t gydolr CVSII% uglta @g a‘ggi:g%qr &é&'ﬁﬁe‘v@ ‘2‘0 fﬁg\sc ang pjyetton;
pol yneric ester-f orﬁvmgemaRktmlﬁl,sldé.thaiﬂlslpndl Aprilr 12,11989nall df nehichf aft Whiclaci d.
The fatty acid of Ofela®d t&'pdRBI polyester synthesis and which are incorporated herein by
reference.) When using the methyl ester route to prepare these diversely
esterified solid polyol polyesters having mixed dissimilar acid radicals and long
chain saturated fatty acid radicals, the octaester of one of the types of acids
(e.g., dissimilar acids, or long chain saturated fatty acids) can be prepared first,
10 followed by partial interesterification of this initial reaction product with the
methyl ester of the other type of acid. In a preferred way of practicing this
methyl ester process, the methyl esters of the long chain saturated fatty acids
are reacted with sucrose in a first stage at about 135°C to obtain partial esters
of sucrose. The methyl esters of the dissimilar acids are then added to the
15 reaction and the temperature is dropped to 90°C-120°C, as necessary (and
reflux, if required) to achieve the desired degree of esterification. '
When using the methyl ester route to prepare these diversely esterified
solid polyol polyesters having mixed dissimilar acid and long chain saturated
fatty acid radicals, the dissimilar and long chain saturated methyl esters are
20  blended in the desired ratio and reacted with sucrose by transesterification to
obtain the sucrose esters of mixed dissimilar/long chain saturated fatty acids.
D.  Preparation of Nondigestible Fat Compositions Which Exhibit
Minimal Passive Oil Loss
To prepare the nondigestible fat compositions herein which exhibit
25  improved passive oil loss control, the liquid nondigestible oil is combined with
the particles of the solid polyol polyesters hereinbefore described. The polyol
polyester particles are used in an amount sufficient to control or prevent
- passive oil loss. What constitutes "an amount sufficient to control or prevent
passive oil loss" for any given fat composition depends upon the particular
30  solid polyol polyester utilized therein, the particular passive oil loss control
benefits desired, and the level of waxiness mouth impression which can be
tolerated for the particular end product use of the nondigestible fat
composition which is formulated. Typically, the nondigestible fat composition
so formed will comprise from about 60% to about 99% of the liquid
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radi cal s can be derived fromnaturally occurring or synthetic acids. The
acid-15 radicals can be saturated or unsaturated, including positional or

gﬁpnﬁtric i somers, e.g. cis- or trans-isoners, straight or branched chain
al.i phatic oryarompkif, and can be the sane for all ester gr oupgTy be
m xt ures of ‘(ylafggerent acid radicals. By "diner fatty acid radi call'sggfgl%?rle]ant

di basic acid such as that 20 - produced by dlMerization of the fatty acids
or fatty acid lower esters of any of a nunber of polyunsaturated vegetable
oi | s such as soybean oil or cottonseed oil or animal fats such as tallow.

Al percentages. ratios and proportions used herein are by weight unl ess
ot herwi se specified onent

P LS . . )
of the nondi gesti bl é°!%esﬁﬂ?rﬁ$§‘i“ﬁ'%‘ﬁégg}ésgi\ﬁl%nﬁglg&?qvf &tﬁ?'a Qﬂ@rﬂ?ﬁ‘g"ﬁ?‘(&gﬁ‘ oi |
havi ng a conpl et e nphiticleg Pecferablipethisvmixhwe coBprises Sont sliviue 80Yoei about 99%

nondi gesti bl e edi bl gg&ih 'n%n{ﬁégtxb’l%%nl%ﬁ%dﬁ\ bkt qd@td hlSB\'x't QO%%MHE sbid potyeici d

pol yesters (see Jan nuar
1977): liquid ester Polyestery P%ﬁ"%l"‘?"ﬁk’efﬁ'@glds "C‘ge@"lib 0 I9 §b°“|§’¥&9e(5 tl'q“'(3
4, 508, 746, 5  nondigestible oil and from about 1% to about 15% of the solid polyol polyester

particles, even more preferably from about 90% ‘to about 99% liquid
nondigestible oil and from about 1% to about 10% of the solid polyol polyester
particles, and most preferably from about 95% to about 99% liquid
nondigestible oil and from about 1% to about 5% of the solid polyol polyester

10  particles. The use of higher levels of liquid nondigestible oil (i.e., lower levels
of solid polyol polyester particles) may be desirable from the standpoint of
reducing waxiness impression left by the solid components of the nondigestible
fat compositions herein. However, higher levels of solid polyol polyester
particles (i.e., lower levels of liquid nondigestible oil) are desirable from the

15 standpoint of controlling or preventing passive oil loss associated with the
ingestion of compositions containing such liquid nondigestible oils.

The combination of liquid nondigestible oil and solid polyol polyester
particles are typically prepared by simply mixing these two components
together, by heating the mixture until the solid polyol polyester material

20  dissolves in the oil, and by then cooling the mixture to a suitable crystallization
temperature, €.g., T0Om temperature. ' '

The specific size of the polyol polyester particles thus formed in the fat
compositions herein will be dependent upon the rate at which the heated
combination of oil and dissolved solid is cooled. As used herein, cooling rate is

25 defined as the temperature differential between (a) the heated oil/dissolved
solid combination and (b) the cooled crystallized liquid/solid particle
combination, divided by the time taken to create this temperature differential.
Generally the greater the cooling rate employed in forming the fat compositions
herein, the smaller will be the particles of solid polyol polyester material

30 dispersed in such compositions. Desirable cooling rates for use in forming the
fat conipositions herein are typically greater .than 0.6°C/min. (1°F/min.),
preferably greater than 2.8°C/min. (5°F/min.), more preferably greater than 5.6
°C/min. (10°F/min), and most preferably greater than 27.8°C/min. (50°F/min.).
When the nondigestible fat compositions herein are to be formed in_situ, for

\\
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| ssued April 2, 1985); .liquid diesters of dicarboxylic acids such as
derivatives of malonic and succinic acid (see Fulcher; U S. Patent
4,582,927; lssued April 15, 1986); liquid triglycerides of alpha-branched
chai n car boxy, ds (see Wayte; U. S. Patent 3,579, 548; Isqqﬂglg?y
1971); I|qU|dbethg$% and -9- ether ‘esters containing the neopen ‘?&ﬁj
noi ety (see Mnich; U'S. Patent 2,962,419; tldsued Nov. 29, 1960); Ilquid
fatty pol yethers of polyglycerol (See Hunter et al; U S. Patent 3,932,532;
| ssued Jan. 13, 1976); quuid al kyl glycoside fatty acid polyesters (see

Meyer et al; U S Patent 840 815; Issued 5 June 20, 1989); liquid
citric or

ol yesters of two et her I|n yqdr oxypol ycarboxyljc acids (e.g.,

IpSOZI tric -acid) (secEamplfnwi '“eﬁ Em% P%W *ﬁ,‘*&ééﬁ%%?%@é&&lméﬁ%r 19,
1988); |iquid est erconcéntmpioni-fithe Eaxt:emphsiiiqnccbyprnen(ssshml&'\bé sedecedd sl thatthsS.
Patent 4,861, 613; I&%Hﬁ%?r%ﬂ@é?tﬁen%gced §59 foog'?raaﬁa'mﬁ%esbh %o%ﬂﬁ@é%ﬂﬁé hyl

sil oxanes (e.g., | 1 cone
(e.g &Jeswed amount and size of the sohd polyol polyester particles within the food

product. _.
The formation of thin nondigestible particles according to the present

w

invention provides especially efficient passive oil loss control for the resulting

fat composition. Such efficiency permits a reduction in solids content of the

nondigestible fat to relatively low levels (e.g., to from about 1 to about 15%).

10 This reduction in solids level required for passive oil loss control, together with

the minimal/no change in solid content between typical room and body

temperatures, leads to nondigestible fats having a less waxy tasting impression.-

Both the liquid nondigestible oil and the solid nondigestible polyol

polyester components, as well as the respective concentrations, are selected in

15  order to provide nondigestible fat compositions having a certain set of physical

characteristics. In particular, the nondigestible fats of the present invention

should exhibit a relatively flat Solid Fat Content (SFC) profile slope across the

temperature range of from typical room temperature to body temperature, i.e.,

. from 70°F to 98.6°F. The SFC profile slope between these temperatures should

20 be from O to about -0.75 %solids/°F, preferably from 0 to about -0.5 %solids/®

F, more preferably from 0 to about -0.3 %solids/°F, most preferably from 0 to

about -0.]1 %solids/°F. The method for determining the SFC profile siope of

the fat compositions herem is described heremaﬂer in the Analytical Methods
section.

25 E. Food Products with Nondigestible Fat Compositions

The nondigestible fats of the present invention can be used in various

edible fat-containing products including foods, beverages, and pharmaceuticals,

- either alone or in combination with other materials such as digestible fats and
oils. In particular, the nondigestible fats of the present invention can be

30 optionally formulated with a digestible triglyceride fat or oil. Generally, these
formulations can comprise from about 10% to 100% nondigestible fat and from

0% to about 90% digestible triglyceride fat or oil. Preferably, these

. formulations comprise from 35% to 100%, more preferably from about 50% to
about 100% and most preferably from about 75% to about 100% nondigestible
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10 of the foregoing patents relating to the liquid nondigestible oil
-conponent are incorporated herein by reference. Preferred liquid
nondi gestible oils are the liquid polyol fatty acid pol yesters that

conprise |i Qi r fatty acid polyesters, liquid sugar al
acid pol yes'?gar)gfﬁ’gﬁ% m xtures thereof The preferred sugars an sh’gg?’t'ﬁ'é‘

al cohols for preparing these -iquid polyol pbryesters include erythritol,
xylitol, sorbitol, and glucose, with sucrose being especially preferred.
The sugar or sugar al cohol starting materials for these Iiquid polyol

pol yesters are preferably esterified with fatty acids containing from8 to

22 carbon atons, ang, nmpst §.er abl LM 12 1qg. 1 ar b at ons. I tgbl e
natural |y occurri nggaé’g%?’cﬁeogﬁ §4’ IQ%I%O%S%#C/E PAEH r&g& H&%@?’Jﬂéﬂgﬁ‘ﬂfﬁ?%ﬁ“ﬁf atty
aci ds, cottonseed oost prefeably: ifiom Offetabousi 25%.adigystiblei thiglycerideb fxtrorooil.
fatty acids, canol aBeidusd 8f thé pdfentlal dalorR- impadtlof tRGE GfeIptRile 8 bF iR lito?g’ _
erucic acid rapeseeaﬁsﬁ)l | %’t sunf.l ower scfedlr oi | f.ﬁgté acl ds, %es e, Se‘i&' oi |
fatty acids, saffl oReSralf | tor munimuze . thes level at  whigh they amg fogbied awith thei ds,
pal m kernel oil $at ngndigsstible fat carapusitions of theipregenainiveriont al | ow fatty aci ds,
and 25 lard fatty aci dgs uddacner@RUhEREH BliglyBdY il kébisMoafiddd Rl YSFREET S

t hat. are liquid ar ecénr\];())ossﬁions which are fluid or liquid at room temperature, ie., at 25°C.

Although not a requirement, the triglyceride oils useful in the present invention
can include those which are fluid or liquid below 25°C. These triglyceride oils
10 consist primarily of triglyceride materials, but can also include residual levels of
other components such as mono- and diglycerides. To remain fluid or liquid at
temperatures below 25°C, the triglyceride oil contains a minimal amount of
glycerides having melting points higher than about.25°C so as to limit the -
solids increase when the triglyceridé oil is cooled. It is desirable that the
15 triglyceride oil be chemically stable and resistant to oxidation.
Suitable triglyceride oils can be derived from naturally occurring liquid
vegetable oils such as cottonseed oil, soybean oil, safflower oil, corn oil, olive
oil, coconut -oil, palm kernel oil, peanut oil, rapeseed oil, canola oil (i.e.,
rapeseed oil low in erucic acid), sesame seed oil, sunflower seed oil, and
20  mixtures thereof. Also suitable are liquid oil fractions obtained from palm oil,
lard and tallow by, for example, graining or directed interesterification,
followed by separation of .the oils. Oils bredominating in glycerides of
unsaturated acids can need some hydrogenation to maintain flavor; but care
should be taken not to greatly increase the amount of glycerides melting above
25 25°C. When oils are selected which have a larger amount of solids melting
between 25° and 40°C than are desirable, it can be necessary to séparate out
the solids. For example, refined and slightly hydrogenated soybean oil is
-’ suitable, as well as refined cottonseed oil.
As used herein, the term “triglyceride fat" refers to those triglyceride
30  compositions which are solid or plastic above about 25°C. These solid or
plastic fats can be derived from plants or animals or can be edible synthetic fats
or oils. For example, animal fats such as lard, tallow, oleo oil, oleo stock, oleo
stearin and the like which are solid at room temperature can be utilized. Also,
triglyceride oils, e.g. unsaturated vegetable oils, can be converted into plastic
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whi ch have mninal or. no solids at body tenperatures (i.e., 98.6F, 37C).
These |iquid polyol polyesters typically contain fatty acid ester groups
having a high proportion of Clerr] or lower fatty acid radicals or else a

hi-gh pr opor twey4ajessO Clerr] "or higher unsaturated fatty acpgr/irdsf8\
In the case of those liquid polyol polyesters having high proportions o
unsaturated C18 or higher fatty acid radicat®; at |east about half of the
fatty acids incorporated into the polyester nolecule are typically
unsaturated. Preferred unsaturated fatty acids in such liquid polyol

pol yesters are oleic acid, linoleic acid, and m xtures thereof. The

ol ovt 19,2 nonl b Aol 5 i B Wl BP ket
pent aol eat e, sucr oseONBEyenss eéttg,so% Jeﬂqyﬁm%ggogg;ﬁggpﬁifg Jra;: g);n%eaclﬁt&imt e,
sucrose hepta- and teglinffies 6f By Sropatfiiurd #itRJu y: deor hick aftsolid at
el ds. peanut of | PRy TR 53 RFRch A UriobiPE Sl Sgicture uER o |
fatty acids, gl dcosiaterfenes aithahe Eee-flowing properties of the liquid oil. See Purves et al;
U.S. Patent 3,355,302; Issued November 28, 1967, and Darragh et al; U.S.
Patent 3,867,556; Issued February 18, 1975 (both incorporated herein by
reference), for further examples of solid or plastic fats. Because the solid or
plastic fats add an appreciable level of solids, their inclusion can cause adverse
10 - effects on the organoleptic properties, in particular waxiness, of the edible fat-
containing products of the present invention.

Triglyceride fats and oils useful in the nondigestible fats of the present
invention can include certain triglycerides in which one, two or three of the OH
groups of the glycerol molecule have been substituted with acetyl, propionyl,

15 butyryl, caproyl, caprylyl, or capryl radicals, and the remaining OH groups of
the glycerol molecule (if any) have been substituted with acyl radicals of
saturated or unsaturated fatty acids having from 12 to 24 carbon atoms.

The nondigestible fat materials of this invention can also be used in
combination with reduced calorie medium chain and mixed medium/long chain

20  triglycerides such as are disclosed in Ehrman; U.S. Pat. 4,888,196; Issued
December 19, 1989 and Seiden; European Patent 322,027; Published June 28,
1989, both incorporated herein by reference.

The nondigestible fat compositions of the present invention can be used

in or as shortening and oil products. The shortening and oil products can be

25  used in frying applications such as preparation of french fried potatoes, potato
. chips from potato slices or fabricated potato pieces, potato sticks, corn chips,
tortilla chips, donuts, chicken, fish, and fried pies (e.g. turnovers). The

~" shortening and oil products can also be used in preparing baked goods in any
form, such as mixes, shelf-stable baked goods, and frozen baked goods,

30  including, but not limited to, cakes, granola bars, brownies, muffins, bar
cookies, wafers, biscuits, pastries, pieS, pie crusts, and cookies, including
sandwich cookies, chocolate chip cookies, particularly storage stable dual-
texture cookies as disclosed in Hong et al; U.S. Patent 4,455,333 Issued June

19, 1984. These baked goods can contain fruit, cream, or other fillings. Other

I
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gl ucose tetraesters of :coconut oil or unsaturated soybean oil fatty acids,
the mannose tetraesters of nixed soybean oil fatty acids,.the gal actose
tetraesters of oleic acid, the arabinose tetraesters of linoleic acid,

xyl ose tetrgll e, 10 gal act ose pentaol eate, sorbitol

t he sorbitg*dﬂ@b&éters of unsaturat’ed soybean oil fatty aci éﬁggfﬁﬁﬁgl
pent aol eate, and m xtures thereof. The |i quid- pol yol pol yesters suitable
for use in the conpositions herein can be prepared by a variety of nethods
known to those skilled in the art. These nethods incl ude:
transesterification of the polyol (i.e. sugar or sugar 15 al cohol) with
nmet hyl, ethyl or glycerol fatty acid esters containing the desired acid
radi cal s using a vebaked \gogds usgsainglude -breads| and; talls.o£rackess, ppretzels. wancakes, fatty -
acid chloride; acylwiffies)icf credi® cofdsysat copd, [vesstraidedybake igBodi ipieti afk® pizaad

el e LS. Pat o nWbéPﬁﬁgéﬁoﬂséﬁ%w%éﬁﬁﬁ finsPlief e SRRy ' 01
4,518,772, all of 20 \Ptheh edible | ftwewaininge droduciseiwhiehcmay Tortgis he ent s

al | disclose suig amoadigestmledmfdahpaﬁmrwﬂm seat ifvahtion aﬁlude ne& XREMEr S )

SO n(?:)lglegt IPB: go.lr ar OL OZ D eée[Sfe(Sﬁs ﬁgﬁgél esegec %;r)]rea eymga?srrpr%ga? ana?ogs cﬁocolate

confections, ‘salad dressmgs mayonnaise, margarine, spreads, sour cream,

yogurt, coffee creamer, peanut butter, extruded snacks such as corn curls, com
puffs, pellet snacks, half products or .other extruded snacks based on corn or

10  other cereal grains such as wheat, rice and the like, roasted nuts and beverages
such as milkshakes.

Edible fat-containing products which can contain the nondlgestlble fat
composition of this invention include noncaloric or reduced calorie sweeteners
alone or in combination with bulking agents. These noncaloric or reduced

15 calo: - sweeteners include, but are not limited to, aspartame, sacchérin,
alitame, thaumatin, dihydrochalcones, acesulfame, and cyclamates.

Bulking or bodying agents which can be useful in edible fatcontaining
products containing the nondigestible fat compositions herein include partially
or wholly nondigestible carbohydrates, for example, polydextrose and cellulose

20 or cellulose derivatives;, such as D, L-sugars, carboxymethylcellulose,
carboxyethylcellulose, hydroxypropylcellulose, methyicellulose, hydroxypropyl
methylcellulose, and microcrystalline cellulose. - Other suitable bulking agents
include gums (hydrocolloids). starches, dextrins, fermented whey, tofu,
maltodextrins, polyols, including sugar alcohols, e.g., sorbitol and mannitol,

25  and carbohydrates, €.g., lactose.

The edible fat-containing products containing the nondigestible fat
compositions herein can also include dietary fibers. By "dietary fiber" is meant
complex carbohydrates resistant to digestion by mammalian énzYmes, such as
the carboh)"drates found in plant cell walls and seaweed, and those produced by
30  microbial fermentation. Examples of these complex carbohydrates are brans,

~ celluloses, hemicelluloses, pectins, gums and mucilages, seaweed extract, and
biosynthetic gums. Sources of the cellulosic fiber include vegetables, fruits,
seeds, cereals, and man-made fibers (for example, by bacterial ‘synthesis).
Commercial fibers such as purified plant cellulose, or cellulose flour, can also
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conprises relatively small nondigestible solid particles of certain polyol
25 .polyester material that are dispersed in liquid nondigestible oil to
control or prevent passive oil |loss. These particles can be in variety of
forns and shape i ncluding spherulitic, platelet-like, filament-like, or
rod-1ike, orW @MIOHS of .t hese varjous shapes, but are tyRFERISPI 10111
spherulitic or platelet-llke The thlcknessé%f these particles is typically
about 1 micron or |ess. Thinner particles, however, are preferred from
the standpoint of providihg nore efficient passive oil |oss control of the

| i qui d nondi gestible oil ‘conponent of the conpositions herein. Accordingly,
these particles preferably have a thickness of about 0.1 mcron or |ess,

more preferably aboyd yQ&d0N4HifallP Becuftin %ﬂ’&?s cah 65 6sed Ouchl apisg,tum g5 Abse have

a conplete nelting point, gbove ‘aboyt ef era abov ab ut C,
nore preferably abo ma\%‘af o, p°FKe°' §IB$ péP%aéblf%F FIRS A "E"ﬁa?orms

t hese nondi gest i bl esqligs,tapples apsdots, aud Wauanaorcmqsl ete nelting point as
measured by the Differenpjgl drefAY fib&¥ can be in a crude or purified form. The dietary -

5 fiber used can be of a single type (e.g., cellulose), a composite dietary fiber

(e.g., citrus albedo_ﬁber containing cellulose and pectin), or some combination

of fibers (e.g., cellulose and a gum). The fibers can be processed by methods
known to the art.

The nondigestible fat compositions of the present invention can also be

10 fortified with vitamins and minerals, particularly the fat-soluble vitamins. The
fat-soluble vitamins include vitamin A, vitamin D, and vitamin E and their
precursors. (See Mattson; U.S. Patent 4,034,083; Issued July 5, 1977, herein
incorporated by reference which discloses fat-soluble vitamins useful in
fortifying polyol fatty acid polyesters.)

15 Various other ingredients typically present in fat products can also be
included in the nondigestible fats of the present invention. these other
ingredients include stabilizers to help protect against oxidative deterioration at
high temperatures. Silicone oils, particularly methyl and ethyl silicone oils, are
useful for this purpose. Methyl silicones have also proven effective in reducing

20 the rate of oil polymerization during frying. Other additives typically included
in fat products such as minor amounts of optional flavorings, emulsifiers, anti-
spattering agents, anti-sticking agents, anti-oxidants, or the like can also be

present. .
F. Alternate Ultility for the Diversely Esterified Solid Polyol Polyester
25 - Particles

* It has been found that the diversely esterified solid polyol polyester

particles useful as oil loss control agents in the nondigestible fat compositions

~" herein are also effective for use as thickening agents in conventional digestible
triglyceride oils or oil-containing products. Accordingly, these solid polyol

30  polyester particles can be used as "thickening agents" or "hardstocks" by
blending them in amounts of about 1% to about 20% (preferably from about

1% to about 15%, more preferably from about 1% to about 10%, most
preferably from about 1% to about 8%) with liquid digestible oils in the
_fdtmu_lation of cooking and salad oils or semi-solid food products such as

J——
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Cal orimetry (DSC) described herei-nafter in the Analytical Methods section 5
which is sufficiently high such that the nondi gestible particles thensel ves
~wll have the hereinbefore specified nelting point characteristics when
such particles are dispersed in the liquid nondigestible oil. For exanple,
a pol yol polwosu639at.cri al having a conplete nelting point rPQPUS28/10111
37[err]C may not formsolid particles having_.a conplete nelting point above
about 37[err] C when such 10 - particles are%GTspersed inthe liquid
" nondi gestible oil. Thus, *in sone cases, the conplete nelting point of the
neat pol yol polyester material may have to be slightly higher than
37[err]C, e.g., about 40[err]C or higher, in order to formsolid particles

h | et
Kot TR T THESTR AN g s prabs vttt e,
e

particles can gener&) npnfat ingre t§§c8d§a’8?r§’€f‘ é‘[‘aé(°m}§f§5gt§‘?’§§§?'@ﬁ f’Ft‘TstaP@s in
the |iquid nondi gesiheltikeé Thé oils forithwse esmpdsiiease cancoodipgiss tonvemignalr digestible can

al so cluster toget hﬁ(g{;&?mfe"{&.f? %E s c@ﬁ&ﬁéefggfngg?ﬁoﬁsoy"%ﬁ 2df dildiRgosed in

the Iiquid nondi gesti 'S partrcu true "of those
nondi gesti bl e pa?t|@F@Bmtaﬁﬁl°“8tcba'bﬂ¥'3@|e@4¢51 ike in form Aggregates of 20
platel et-1ike nondi gest i@l AnddaichliMethéds ypi cal | y assume a spherulitic shape

that is A number of parameters used to characterize elements of the present
invention are to be quantified by particular experimental analytical procedures.
Each of these procedures is described in detail as follows: '
10 1. Fatty Acid Composition of Polyol Polvesters
The fatty acid- composition (FAC) of the polyol polyesters is
determined by gas chromatography, using a Hewlett-Packard Model S712A
gas chromatograph equipped with a flame ionization detector and a Hewlett-
Packard Model 7671 A automatic sampler. The chromatographic method used
15 is described in Official Methods and Recommended Practices of the American
Qil Chemists Society, 4th Ed., 1989, Procedure 1-Ce62 (incorporated herein
by reference).
2. Ester Distribution of Sucrose Polyesters
The relative distribution of the individual octa-, hepta-, hexa- and
20  penta- esters, as well as collectively the tetra- through mono- esters, of the
sucrose polyesters can be determined using normal-phase high performance
liquid chromatography (HPLC). A silica gel-packed column is used in this
method to separate the polyester sample into the respective ester groupings
noted above. Hexane and methyl-t-butyl ether are used as the mobile phase
25 solvents. The ester groupings are quantitated using a mass detector (i.e. an
evaporative light-scattering detector). The detector response is measured and
" then normalized to 100% The individual ester groups are expressed as a
relative percentage.
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porous in character and thus '-capabl' e of ent rappi ng significant anmounts of

li quj d nondigestible oil. It is believed that this porous structure and its

concomtant ability to entrap |large anmounts of |iquid nondigestible oil is
why t hese agg;egated platelet-like particles, while not as efficient as
the particl eNO%49/09639 unaggregated form can provide very effBEF{URI3L4Q4

- efficient passive oil loss.control. The nondjygestible particles for use in
the conpositions herein gonprises certain solid polyol polyesters which
have their ester group-formng fatty acid radicals selected so that the
pol yol backbone does not contain all of a single 30 type of ester group.
General |y, these polyol - pol yesters contain two baS|c types of ester groups.
These are (i) groups fogned Sigpe S {RECH Peod H Neqidied Fati d
radi cals, and (ii) groups f eéﬁp@JaC|d radlcals mhlch are "dissinilar”

to the Iong chai n saturated radi cal s When t hese 'di Jar™
fatty acid and/or organi BefReg @F‘?’m!ﬂ"('&lhﬁ SEfcevajues. é‘rﬁaF’P@cPféﬁ‘ﬁ'EP“Q‘gﬁﬁw 18

heated to a temperature of 140°F (60°C) or higher for at least 30 minutes or
5 until the sample is completely melted. The melted sample is then tempered as '

follows: at 80°F (26.7°C) for 15 minutes; at 32°F (0°C) for 15 minutes; at 80°
F (26.7°C) for 30 minutes; at 32°F (0°C) for 15 minutes. After tempering, the
SFC values of the sample at temperatures of 50°F (10°C), 70°F (21.1°C), 80°F
(26.7°C), 92°F (33.3°C), and 98.6°F (37°C) are determined by pulsed nuclear
10 magnetic resonance (PNMR) after equilibration for 30 minutes at each
temperature. . The slope of the SFC profile in %solids/°F is calculated by
subtracting the SFC value at 70°F (21.1°C) from the SFC value at 98.6°F (37°
C) and then dividing by 28.6. “The method for determining SFC values by
PNMR is described in J._ Amer. Oil Chem. Soc., Vol. 55 (1978), pp. 328-31
15  (herein incorporated by reference, and A.O.C.S. Official Method Cd. 16-81,
Official Methods and Recommended Practices of The American Oil Chemists

Society, 4th. Ed., 1989, (herein inéorporated by reference).
4.  Complete Melting Point of Polyol Polyesters by Differential

Scanning Calorimetry (DSC

20 The complete melting point of the polyol polyester material or polyol
polyester-containing particles used in this invention can be determined by DSC

as follows:
* Equipment:
Perkin-Elmer 7 Series Thermal Analysis System, Model DSC7, manufactured

25 by Perkin-Elmer, Norwalk, CT.

Procedure:
1.  Sample of polvol polyester material or polyol polyester-containing
- particles is heated to at least 10°C above the temperature at which all

visible solids are melted and mixed thoroughly.
30 2. .‘10%2 mg of sampleis weighed into sample pan.
3, Ascanis performed from about 10°C above the temperature at which all
. | visible solids are melted to -60°C at 5°C per minute.
4. The temperature of the sarriple is maintained at -60°C for 3 minutes and
scanned from -607 to the original starting temperature at 5°C per
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-12- that contains or will contain long chain saturated fatty acid
radicals, they will introduce diverse esterification into the resulting

pol yol polyester nolecule, thereby altering the crystal structure as these
nmol ecul es pack together. This diverse esterification can be due to

di fferencesWO94/€863% h of the ester-fornming 5 radicals (e.gPCTEUSIY1MARI n
versus long chain), or other steric factorss;2se.g., branched chain versus
straight chain, unsaturated chain versus saturated chain, aromatic versus
al i phatic chain, etc. Polyol polyesters containing these "long chain" and
"dissimlar" ester groups are called "diversely esterified polyol

pol yesters". 10 a) Long Chain Saturated Fatty Acid Conponent of
the Diversely Esterifi cminmsl (8 tigbaus HOBE abpye thedempesatureoat which jall|visiblerhe
ester groups of the di veligsdry nRRédr i fied nondi gestible polyol polyester

el d 1 adi cal's, Sui tabl el TKGRPIRER APl MEGEmpertuty S e ieagr L FEchRS | cc
15 those. whi ch cont ailimef(x&apezificthgatdipe) with the line fapgend ko the 2railipg etigenofabons. -
The long chain sat urat esdbthbimic péakd radi cal s can be used singly, or in
mxtures wth 5. Thickness of Solid Polyol Polyester Particle (Light Microscopy)
The thickness of the solid polyol polyester particles formed in the
- nondigestible fat compositions herein' may be estimated at room temperature
with a Nikon Microphot video-enhanced light microscope (VELM) using
10 Hoffman Modulation Contrast (HMC) optics according to the following
method: _
1. A small portion (i.e., 1-10mg) of the nondigestible fat sample with the
solid pdlyol polyester particles dispersed therein is placed on a
microscope slide and covered. The slide is placed under the microscope.
15 2. The sample is examined using a HMC 100X oil objective as the standard
lens in conjunction with a 10X eyepiece lens.

3. A microscope-mounted video camera and associated controller are used
for video enhancement to facilitate differentiation between the sample
and the background. '

20 4. The thickness of the solid polyol polyester particles is measured in um.
This method permits differentiation of particles having thicknesses just
within the resolution of the VELM (approximately 0.2-0.5 um). Particle
thickness of particles having smaller dimensions can be determined by the
Freeze Fracture Method described hereinafter. '
25 (Note: No special sample preparation is required, other than obtaining a
represéntative sample. The samples should be melted and cooled ambiently.)
Reference: Robert Hoffman, "The Modulation Contrast Microscope:
- Principles and Performances", Journal of Microscopy, Vol. llO,lPt 3, August
1977, pp. 205-222. ‘

30 6. Thickness of Solid Polyol Polyester Particle (Freeze Fracture
Transmission Electron Microscopy) '

The three-dimensional topography of partiqleé and their size can be
determined by a freeze-fracture transmission electron microscopy (ff-tem)
method. '
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each other, in all_ proportions. In addition, straight chain (normal) fatty
aci d- radlcals are typlcally used as the Iong chain saturated fatty acid
radi cal s which formthe ester groups of the diversely esterified polyol

pol yest er | es_of 20 suitable long chain fatty acid radicals

I ncl ude e|c6¥§ﬁgﬁpﬁs(arachldate) docosanoat e (behenate) t et PEEAIS9A 10811
(l'ignocerate), and hexaconsanoate (cerotate), Di ssimlar Ester-Goup
Formi ng Conponent of the Diversely Esterlfleé PonoI Pol yester O Loss
Control Particles 25 - The ester groups of the diversely esterified
nondi gesti bl e pol yol polyester particles nust also include those forned
fromcertain dissimlar acid radicals as hereinafter defined. Such

di ssimilar radical s canTkio#eédeFrackrémbthodIs clafr&h%bt aTomduwa ated fatty acid

radi cals or C2-Cl2 sat te cals o reaf -or can
be of the aromatic zst:ir:}%f ?ﬁ‘r‘{ n°§"¥3§/§{:a gf)erzmgt ﬂ%‘?‘"?ry'ﬁggq‘éw‘tﬁ F%‘HéEF d the

ul tra-1ong chain or varineagsiewarefishe feezing doptainer isuifled iwithtligdidathahe (actimahl s.

No matter what type of xﬂélﬁﬁgt@h %tu?&bﬂl??@' Ctrhe Efaridlié AlictRd 14 Prr,ézfarmthe

articles herein,
such particres Shoufd’ bbPEbREPUE L3 uf Q‘LHS'F%EFQICOQQFgﬂtég'flelﬁ"f'me@eyelyph
pol yol pol yesters wher epolyester particles dispersed therein is placed in the well of a gold-plated
Balzers specimen holder. (Note: for very fluid samples, 1-2 ul of sample
is placed on a gold planchet (Balzers) and another planchet is placed on
top of the first to form a sandwich.)

10 3. Most of the frozen ethane in the dewar is melted by inserting a metal
heat sink (e.g., tweezers) into the dewar.

- 4. Immediately after melting the ethane, the specimen holder containing the
nondigestible fat sample is picked up using a palr of tweezers and rapidly
plunged into the liquid ethane.

15 5. After a few seconds, the specimen holder is removed from the ethane,
quickly touched to the tip of a camel's hair brush to remove excess
ethane, and' lmmedlately |mmersed in the liquid Ny to keep the sample
cold.

6.  The sample is transferred under liquid N» to a JEOL JFD-9000C samplé

20 holder and then transferred into the chamber of a JEOL JFD-9000C

' freeze-fracture unit. The temperature of the unit should be about -175°C.
_ Vacuum should be at least 8X10-7 torr.
7. A knife is cooled to a temperature of about -165°C.
8.  The sample is fractured in the JEOL chamber using the pre-cooled knife.
25 9. Platinum-carbon is deposited onto the fractured sample at a 45° angle for
4.5 seconds, followed by carbon deposition at a 90° angle for 25 seconds
to form a replica of the fractured sample. The high voltage is 2500V and
the current is 70 mA.
10.  The samples-are removed from the freeze fracture unit and cleaned using
30 3 washes of chloroform. |
11. The replica is picked up on a 300 mesh copper EM grid and examined in
a transmission electron microscope.
12.  Images are recorded on negative film and positive prints are made from
the negatives.
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dissimlar ester-formng acid radicals conprise Cferr] or higher
unsaturated fatty -13- acid radicals, (Jerr]-Cerr] saturated fatty acid
radicals or m xtures thereof Nondigestible particles used in the fat
conp05|t|ons of the present invention should preferably conprise no nore

t han. about 8M9ﬂﬂ?§3gyp| cal l'y. no nore t-han 60% of such di ver FERfUS93/10111
esterified solid pol yol polyesters having th? particul ar | ong chain
unsat urated and/or short chain saturated fatty aC|d radi cal s as the
dissimlar acid radical substituent. i) Long Chai n Unsaturated Radicals
A preferred class of "dissimlar" acid radicals conprises |long chain
unsaturated fatty acid radicals. Suitable | ong chain unsaturated fatty acid

10 radicals containsat flﬁ@ﬁi&kn@?sofﬁﬁ@ﬁ&f@?b%esﬁér%&%s ts%&@remrﬁn preferably
from18 to 22, nost prefgﬁ? ‘% 18 carbon at ons. Exanples of suitable |ong

chain unsaturat ed fatty &di cal s for use
Rash, J.E. and Hudson, C.S., Freeze Fracture: Methods, Artifacts. and

Interpretations, New Haven Press, New York, 1979.
5 " Stolinski and Breathnach, Freeze Fracture Replication of Biological

Tissues, Academic Press, London, 1975.
Steinbrecht and Zierold, Cryotechniques in Biological Electron
Microscopy, Springer-Verlag, Berlin, 1987.
H. Specific Examples
10 Preparation of the nondigestible fat compositions of the present
invention is illustrated by the following examples:

Example |

Solid Sucrose Polyester Preparation

15 Behenic Methyl Ester Preparation
Behenic methyl esters are prepared from about 870 grams of

hydrogenated high erucic rapeseed oil, about 174 grams of methanol, and
about 12.2 grams of sodium methoxide solution (25% in methanol) are added
to a spherical 3-liter glass reactor. The reactor has a heating mantle,
20 thermometer, temperature controller, reflux condenser, variable speed agitator,
vacuum take-off, and bottom outlet. The mixture is reacted at about 65°C for

P

approximately 1.5 hours, while refluxing the methanol. The agitation is

" stopped, and the glycerin by-product from the rapeseed oil is allowed to settle

for about 30 minutes. The glycerin settles to the bottom of the reactor, and is

25 removed through the bottom outlet. About 30 additional grams of methanol,
and about 5.2 grams of sodium methoxide solution (25% in methanol) are
added to the glass reactor, and the mixture is reacted at about 65°C for about
30 minutes. The agitation is stopped, the glycerin is allowed to settle for about
30 minutes, and is removed through the bottom outlet. About 100 grams of
30  water are added to the mixture, stirred allowed to settle, and removed through
the bottom outlet. The water-washing procedure is repeated two more times.

- The reflux condenser is rémoved. and vacuum is applied to the reactor, and the
residual water and methanol are evaporated. The vacuum is broken, and a
fractionation column is added to the reactor. The reactor is heated to about

. 'This.Shzet Has Been Replac

l?Ellfl !IIIH i ==




in formng diversely esterified polyol

pol yesters include nonounsat ur at ed

fatty acid radi cal's such as lauroleate, nyristoleate, palnitoleate, ol eate,

el aidate, and 15

erucate, and polyunsaturated radicals such as

| i.nol eat e, l'inol enat e, ei cosapentaenoate, and o
docosahexae?\‘&gt%"g?#at erms’ of oxidative stability, the monounBGTHSEAA1 YN g
diunsaturated fatty acid radicals are prefergged. ii) Short Chain

Sat ur at ed Radi cal s
radi cal s conpri ses

20 Anot her preferred class of "dissimlar”
short chain saturated fatty acid radicals. Suitable

acid

short chain saturated fatty ‘acid radicals contain from2 to 12, preferably .
from6 to 12, and nost preferably 8 to 12, carbon atons. Exanples of
sui tabl e short chai 176-200fCatreler & sacuymanfiatiout3-t 8l mmdie Approainatelp 50%roft e,

hexanoat e (caproat ense ﬁ}g{[ Jab:1 ] f‘o é\ﬁ bé'fﬁ;rﬁ)he cgﬁxmn 19&9@9@@5& élgémeaag%cand

al s

aed ‘W &wg?’ﬁwa'w egf'zsr matepdlfo SaRYRtes %mt 5§e Uy e d

dodecanoate (| aurat
Anot her suitable cl

ssim/lar Ester-

from aromati c radi cabliectedras product.r Jhiscarbduct dnagpeoximatelyc?2% by nveighti miethyl
variety of aromagi cpgppgeunds including benzoic conmpounds such as benzoic

10

15

20

25

30

Sucrose Esterification :

About 21.2 grams of methyl o-toluate (Aldrich Chemical Company) are
mixed with about 366.2 grams of the behenic methyl esters. The molar ratio of
toluic to behenic is about 1:7. About 152.6 grams of this methyl ester mixture
are mixed in a 1-liter glass reactor along with about 34.4 grams of powdered

sucrose, about 24 grams of powdered potassium stearate and about 1.4 grams
of powdered potassium carbonate. The reactor has a heating mantle,
thermometer, temperature controlier, variable speed égitator, vacuum take-off,
and bottom outlet. The mixture is agitated and heated at about 135°C at about
15 mm Hg vacuum for about 1.5 hours. After about 1.5 hours, the vacuum is
broken with nitrogen, and the remaining 234.8 grams (approximately) of the
methyl ester mixture, along with about 1.4 grams of potassium carbonate are
added to the reaction mixture. This mixture is reacted at about 135°C under
about 0.5-5.8 mm Hg for about 5 hours. The mixture is cooled to about 75°C,
and about 30 grams of water are added to the mixture. The mixture is
transferred to jars and centrifuged (Fischer Scientific Model Marathon 10K
Centrifuge) at about 2500 RPM for about 2 minutes. The liquid in the jars is
then decanted from the soap layer at the bottom of the jars. About 5 grams of
silica are added to the decanted liquid, and the mixture is stirred for about 30
minutes at about 75°C. The mixture is then filtered through filter paper using a
Buchner funnel. The filtrate is then fed through a Pope 2-inch diameter wiped
film Mpomtor at approximately 30 grams/hour to distill the unreacted methy!
esters. The evaporator operates at about 235°C under about 0.05-0.08 mm
Hg. The product is then collectéd from the evaporator and cooled to ambient
temperature.

This solid sucrose polyester product has a complete melting point of
70.5°C (as measured by DSC described in the Analytical Methods section
hereinafter) and is 99.0% esterified. '
Preparation of Fat Composition
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30 acid or tolui,c aci'd; am no benzoi ¢ conpounds such as am nobenzoi ¢ and
am nonet hyl benzoic acids; hydroxybenzoic conpounds such as

hydr oxybenzoi c, vanillic and salicylic acids; methoxybenzoic conpounds such
as anisic acid; acetoxyphényl acetic conpounds such as acetyl mandelic ac

hal obenzoi c WOROMMs such as chl or obenzoi c, dichtorobenzoi c, P%HS%/IOIM

fl uor obenzoic acids. OQher aromatic ester- ﬁm{n1ng radi cal s nay al so be
enpl oyed such as acetyl benzoic, cum c, phenylbenzoic, and nicotinic; and
pol ycyclic aromatic radicals including.fluorene carboxylic, and indole
carboxylic. These aromatic type dissimlar acid radicals can be used
singly, or 5 In mxtures wwth each gther, in all proportions.

Ot her Dissinilar Ester-Fo¥grams ofiscsolid S%P?%E@Y%'Eeﬁé*o t and ?‘brgfﬁ“ﬁgd a
radi.cal s can al so skjuite sacrode poigestdd] @ whishmtlighsucdss Sis Ndubtantially edonpletelps of

the diversely est eréstén%gd R}?tll'l@tb Qc% gﬁﬂ;? bf Pﬁ{og\ge%hebﬁ, are mixed and heated until
all the solids are dissolved. The mixture is then allowed to cool back to room
5 temperature at a rate of 33.3°F/minute. The cooling brings about
crystallization of the solid sucrose polyester material in the form of small,
platelet-like particles which are dispersed in the liquid nondigestible oil. Figure
lisa photoinicrograph depicting the two dimensional, platelet-like structure of
the solid polyol polyester particles. These platélet-like particles have a
10 thickness of less than about 100 nm as measured by Freeze Fracture
Transmission Electron Mncroscopy described hereinbefore in the Analytical
Methods section.
The fat composition comprising the solid particles of sucrose polyester _
dispersed in the liquid sucrose polyester has an SFC.profile slope of -0.1
15 %solids”F. The composition is suitable for use as a food fat, and does not
. produce passive oil loss which would otherwise result if only liquid sucrose
polyester is used as a food fat. Also, since the level of solids in these fat
compositions is so low, food products containing these fat compositions will
not be waxy tasting. :
20 . The above solid sucrose polyester and liquid sucrose polyester have the
attributes shown in Table I:




used herein. Such other radicals can be branched chain al kyls, e.g., nethyl
10 . alkyl radical's such as nethyl stearic,.isobutyric, and isovaleric;
ultra-long chain saturated or unsaturated radi cal s i ncluding tricotanoic
and tricont e clic aliphatic radicals including cyclob

car boxylic, P‘X@ @ﬁa?t ane carboxylic, cyclohexane carboxylic, u{,aca 3,1 1"
aceti c, and hydr oxycyclic such as ascorblc -yol ycyclic allphatlcs such as
abietic; polyneric ester-formng acids 15 .such as polyacrylic and dimer
fatty aC|d and al kyl chain esters with "functional™ groups attached

I ncl udi ng hanaIkyI conpounds.such as chlorostearic, chlorocaprylic,

chl oroacetic, bronostearic, bronocaprylic, and bronpacetic; ani noal kyl
conpounds such as an1nocapryllc and an1nosE§d£Ic phenoyl al kyl conpounds

such as benzoyl but yFA?TYaK@leQﬂM"EN kybo@.mmemseuq,h@nnmbseo _
acetic. These "ot her I'SST radi c g 2 gggggg or in

m xtures with each other, i aI I pr opor f

- Diversely Esterified Pol yolCjgol yesters The dver sel y esterPfSi ed pol yol

pol yesters of the type herei before descri bedy can be prepaggsl by
esterifying the desired poky with the rquﬁglte 25 type gf ester-formng

radicals. Mxed fatty aci dBadicals fromo whi ch

: Cis:1 ' 373

Cis:2 ' 02 - 34.2

Cis:3 el 03

C20 7.8 0.3

" Cx2 ' 88.4 -—

C24 ' 0.1 -

Toluic ' 1.4 -

Other , - 0.9

ESTER DISTRIBUTION

~ Octa 92.9 74.6
Hepta 6.7 . 250
Hexa 04 ' <0.1
Lower - | <0.1
Example I
Solid Sucrose Polyester Preparation :
5 About 15.0 grams of meihyl 3-methylbenzoate (Aldrich Chemical

Company) are mixed with about 345.2 grams of behenic methyl esters
described in example 1. About 150.00 grams of this methyl ester mixture are
mixed in a 1-liter glass reactor along with 28.5 grams of powdered sucrose,
about 20 grams of powdered potassium stearate and about 1.2 grams of
10 powdered potassium carbonate. The reaction is then run similarly to the
. reaction described in ExampleI.
The solid sucrose polyester product has a complete melting point of
73.40C and is 99.2% esterified.
Fat Composition Preparation
15 Four grams of this solid sucrose polyester product and 96 grams of the

—_—

.
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contain substantial ampunts of the desired dissimlar and/or |ong chain
saturated fatty acids can be used as the sources of fatty acid radicals in
preparing the solid polyol polyesters used in the present invention. The
m.xed fatty acids fromsuch oils should preferably contain at |east about
30% 30 (pwabe4ases39 at | east about 50% and nost preferably RCT/U§8Y/18Maut
80% of the desired dissimlar and/or |ong ghain saturated fatty acids. For
exanpl e, pal mkernel oil fatty acids can be used instead of a m xture of
the respective pure saturated fatty acids having from8 to 12 carbon atons.
Simlarly, rapeseed oil fatty acids or soybean oil fatty acids can be used
I nstead of a m xture of the respective pure nonounsaturated and
pol yunsat urated fat ﬁdﬁ:@ﬁleﬂﬁse ipalyesier described ABEamplon aretmined aumhbieabslr whtih elfi

(i.e., hydr ogenat ed ﬂh ar :Efég%hye%peﬁgqn@ulre 1sataﬂé(wélicidj%oﬁlaﬂa£etd‘$6‘&n' n

pl ace of a mxture I've pure fq E@é (?ﬁt t ci ds
having from 20 to 2@8mpeiaRsHsS PF@?‘@F‘&@‘WWWF’?@ 191 has 3y l¢;slape g (or
their derivatives- el is suifable Yor 38 aeh fdodafte I¢ doesot pidece, passive oil loss which

5 would result if the liquid sucrose polyester were used alone. Also, since the
level of solids in these fat compositions is so low, food products containing
these fat compositions will not be waxy tasting.

The above solid sucrose polyesier has the attributes shown in Table II.

Table II
10 SOLID SUCROSE - _ _
FATTY ACID COMPOSITION _POLYESTER %

Cig . ' -

Cie 0.1

Cis:0 1.9

Cis:1 -

Cis:2 0.2

Ci18:3 -

Ca20 7.7
. Ca2 88.8

Cas _ 0.1

Methyl Benzoic 1.1

Other 0.1

Ester Distribution

Octa 94.2

Hepta 53

Hexa 0.5
- Lower 0.0

Example IT1

Solid Sucrose Poly' ester Preparation .
About 8 grams of methy! tricontanoate (Sigma Chemical Company) are

15  mixed with about 42.0 grams of behenic methyl esters described in example 1.
About 25 grams of this methyl ester mixture are mixed in a 100-ml glass

I —
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exanpl e, by distillation. The diversely esterified solid nondigestible

pol yol pol yester particles used herein and prepared fromthe various
sources of acid radicals as outlined hereinbefore will generally contain at
| east about 15% ef erably .at | east about 10 30% nore preferably at

| east about ‘U@%‘V&ﬁ@ nmost preferably at |east about 80% of tRETIUSI/IObHI N
saturated fatty acid radicals.along with at jgast some of the dissinilar
acid radicals. In the diversely esterified.polyol polyester materials used
herein, the.-nolar ratio of dissimlar radicals to | ong chain saturated
fatty acid radicals can range fromabout 0.1:7.9 to about 3:5, preferably
from about 15 0.5:7.5 to about 2:6, nore preferably fromabout 1:7 to
about 1.5:6.5. A typactat atorigt aith o4, Todrarms [ofit powvdefeddinerdse] hwut ars C!grﬁzﬁsildfal s

to long chain satur ci e divers
esterified solid. poP&E{i fﬁ'ﬁ%‘%’é éragdrrg CO?# use%?%dee%eéll %otgsgwnbgarﬁ%
according to prior TRACtiRts %Wm%ﬂawherrgacpgmmnm in Exahple bt er s.
Si nce t'he sucrose poI y esTiw solid scrésepolestéraproditt S6thpritedsHoupss. mldéﬁ‘a%iterr s for

use in the present & g}rﬂ“g g éeparatlon will be exenplified

primarily by t hege osfion P Q fi met hod of preparation conprises

_ This sohd sucrose polyester may be blended with the liquid
nondigestible oil described in Example I at levels as low as 2% to form a
nondigestible fat composition suitable for use as a food fat, which composition

. does not produce passive oil loss which would result if the liquid nondigestible
10  oil were used alone.
Example IV
Norchip potatoes are used which have been sliced to a thickness of
about 0.052 inches (0.13 cm). The sliced potatoes are fried in a 5 pound batch
fryer at a temperature of 365°F (185°C) for 3 minutes. Approximately 225
15 potato chips are fried in each of the the fat compositions of Examples I, II, and
m
Ingestion of these potato chips which contain the nondigestible fat
compositions will not result in passive oil loss, and the potato chips are not
unacceptably waxy tasting. :
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reacting the acid chlorides or acid anhydri s of the desired ester-formng
acids, or the acids per se ose ﬁﬂi\i erably using a sequential 25

esteerification process. In th m““ m erification process, sucrose
is initially partially ester| “‘\ ssimlar acid chlorides,

fol | owed by wowmiees3® or substantical Iy corrpl ete esterificati OrPOI/USH3A0111
initial reaction product with the long chain sat urat ed fatty acid chloride,
in that order, or in reverse order. (See Legjon; European Patent 311, 154;
Publ i shed April 12, 1989, 30 herein incorporated by reference). Another

met hod for prepglidindstdiapeepdiger sely esterified solid polyol polyesters is
by the pracess of reacting nethyl esters of the desired ester- formng

ot al ot uch- ad- pot AumiHEHER i crmpsicdy it s AEpe Rl Mabef®™ 7,
-16- 4,797, 300; fitseueil id fovdsrwhichompGdivn iseharaptexized &yasalusl’atwamm
3,963, 699; | SSUGfbfile slope between 21.1°C and 37°C of from 0 to about -1.26% solids/°C
and which composition comprises:
A.  aliquid nondigestible oil having a complete melting point below
37°C; and
B. nondigestible solid particles of polyol polyester material
dispersed in said oil in an amount sufficient to control passive
oil loss upon ingestion of said composition, said nondigestible
solid particles having a complete melting point above 37°C,
~ 'preferably above about 50°C, wherein the ester groups forming
~ said polyol polyester material consist essentially of '
(i) at least 15%, preferably at least 30%, more preferably
at least 50%, ester groups formed from Cpq-Cag,
preferably C22 saturated fatty acid radicals, and '
(ii) other ester groups formed from fatty or other organic
acid radicals which are dissimilar to said long chain
saturated fatty acid radicals;
the molar ratio of said dissimilar radicals to said long chain
saturated fatty acid radicals ranging from 0.1:7.9 to 3:5,
preferably from 0.5:7.5 to 2:6 provided further that said
dissimilar radicals not consist solely of C2-C12 short chain fatty
acid radicals, C12 or higher long chain unsaturated fatty acid
radicals, or a combination of said short chain saturated or said
long chain unsaturated fatty acid radicals.

2. The nondigestible fat composition of Claim 1 which comprises from
60% to 99%, preferably from 80% to 99% of a liquid nondigestible oil,
preferably a liquid sucrose fatty acid polyester, and from 1% to 40%,
preferably from 1% to 20% solid polyol polyester particles.

3. The nondigestible fat composition of Claim 2 wherein in the
nondigestible particles the polyol moiety of the solid polyol polyester material is
derived from 5 sugar or sugar alcohol having from 6 to 8, preferably 8,
hydroxyl groups and wherein said particles have a thickness of 1 micron or less,
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June 15, 1976; Vol penhein; U S 'Pate'nt 4 , 772; lssued May 21, 1985; and
Vol penhei n; U. S. Patent 4; | ss Wy 14, 1985, and Letton

Eur opean Patent 311, 154; Pl‘ H “ﬂﬂ 1989, all of which of which 5
relate to pol I Iyester ch are incorporated herein by

ref erence.) ng t he hyI ester route to prepar e t heRCHUSEVany
esterified soli d pol yol polyesters having m xed dissimlar acid radicals
and |ong chain saturated fatty acid radicar3*=the octaester of one of the
types of acids (e.g., dissimlar acids, or long chain saturated fatty

aci ds) can be prpedapéribdylo.flinticcon ocliess. f ol | oved by partial interesterification
of this initial reaction product‘ with the methyl ester of the other type of

acid. In a prefgrred g{,@‘gwﬁi& mmgm iPhe t he
met hyl esters o?the Y\%eg N saturg?& attly ci ds ar’e rega?ed wth

sucrose in a fi Pelyestar mytetigh le@agtigiey, ﬁﬁsﬂmﬁﬁr“f"i"é?d“@&st ers of
sucrose. The rretafwlseeaédar&omf bedzelcdltsmicm hminohmmﬁts ammomhhylbadde,d to the 15

reaction and th UrBniif. AR gda;l aq], Fnhﬁ S necessary
(and refl ux, E'&rs{}m g§ t‘g‘machfjsrev lg’si rgg rée O§{° &Foe?l fication.
Waen usi ng the lggabenzaice brompbenzois, prf‘é'ﬂﬁﬁb%“z?'ﬁ'eséc Theazoice| youmit.er i fi ed
sol i d pol yol polpu@glbedzsxchamﬂﬁcmmdndlaﬂ:‘omylmar indole dcarbatylic) Nfhedijtai n
saturated stearic, isobutyric, isovaleric, tricontanoic, tricontenoic, cyclobutane

carboxylic, cyclopentane carboxylic, cyclohexane carboxylic, cyclohexane.

acetic, ascorbic, abietic, polyacrylic, | dimer fatty acid, chlorostearic,

chlorocaprylic, chloracetic, bromostearic, bromocaprylic, bromoacetic,

aminocaprylic, aminostearic, benzoylbutyric, and phenylacetic radicals.

5. A food product éompl:ising an edible substrate, preferably a potato chip
and from 10% to 100% of the nondigestible fat composition of Claim 1.

6. A thickened digestible oil product comprising:
A. from 85% to 99% of a digestible edible oil; and
B. from 1% to 15% particles of solid sucrose fatty acid polyester
material, said particles having a complete melting point above
37°C, wherein the ester groups forming said polyol polyester
material consist essentially of
@ at least 15% ester groups formed from C20'C26 long
chain saturated fatty acid radicals, and
(i)  other ester groups formed from fatty or other organic
| acid radicals which are dissimilar to said long chain
_saturated fatty acid radicals; the molar ratio of said
dissimilar acid radicals to said long chain saturated fatty
acids ranging from 0.1:7.9 to 3:5, provided further that
said dissimilar radicals not conmsist solely of C2-Ci2
short chain fatty acid radicals, Cy or higher long chain
unsaturated fatty acid radicals, or a combination of said
short chain sawrated and said long chain unsaturated
- fatty acid radicals.
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fatti} acid radicals, the dissimlar and | ong chain saturated net 'hyI esters

are 20
tr ansest

ggﬁ;)gs;s?t ur at ed fiiét,haci ds. .PORLDf?ﬁEﬁP&{'RtPL%Qﬁ?f Rm;}%&esti bl e

blended in the desired ratio and reagted with sucrose b
erification to obtain the sucrose esters of m xed di ssi 7‘,;&.3

5-71],-\'1'!4
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; | -
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0 prepare
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oil | oss

particl €
pol yest 4
passi ve

451y utemnptional Pytent Claseificstion S hol yest o1 s | aoumsmbed cawadasimsebeld. The(p94/99639
A23D ¥06,A23L #/308,d@R17n an an { ffici to control or prevent
(r)i FWH‘EQ’“@Mat constitutes "4gn ar%ﬁ m%‘l??"?ﬁ'&'i'“é‘ﬂ'fg‘l‘% cont'Po’Y‘aBd?“(”'os'”)

pr event
parti cul
passi ve
| mpr essi

nondi geqf

nondi geg
about 99

passive oil loss" for any given faf conposition depends upon the
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(57) Abstract

Nondigestible fat compositions useful as a replacement for triglyceride fats or oils in foods are disclosed. These composi-
tions have relatively flat Solid Fat Content (SFC) profile slopes between typical room and body temperatures. The nondigestible
fat compositions comprise a liquid nondigestible oil and nondigestible particles of solid polyol polyester material dispersed in the
oil in an amount sufficient to control passive oil loss. The ester groups of the solid polyol polyester material comprise: (i) at least
about 15 % ester groups formed from Cag-Ca4 long chain saturated fatty acid radicals, and (ii) ester groups formed from fatty
or other organic acid radicals which are dissimilar said long chain saturated fatty acid radicals. The molar ratio of said dis-
similar acid radicals to said long chain saturated fatty acid radicals ranges from about 0.1:7.9 to about 3:5. Moreover, the
dissimilar acid radicals cannot consist solely of C»-C 1 short chain saturated fatty acid radicals, Caq or higher long chain un-
saturated fatty acid radicals, or a combination of said short chain saturated and said long chain unsaturated fatty acid radi-

cals. Edible fat-containing products containing these nondigestible fat compositions can be less waxy tasting due to the low-
er level of solids required for passive oil loss control. .
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-17- nondi gesti bl e-o0il and from about 1%to about 40% of the solid polyol .
pol yester particles. Preferably, this mxture conprises from about 80%to
about 99% 1iquid nondigestible oil and from about 1% to about 20% of the
sofid pal yol welossmksy particles, nore preferably from about 85%to about
99% liquid 5 nondigestible oil and from about 1%to about 158EKAUSe3fE0111
solid pol yol polyester particl.es, even nore preferably from about 90%to
about 99% i quid nondigestible oil and from about 1% to about 10% of the

=~ solid polyol polyester particles, and nnsflﬁrlferably from about 95%to
about 99% i quid nondigestible oil and from about 1%to about 5% of the
solid polyol polyester 10 particles. The use of higher levels of liquid
nondi gestible oil (i.e., lower levels of solid polyol polyester particles)
may be desirable fromthe standpoint of reducing waxi ness inpression |eft
by the solid conmponents of the nondigestible fat conpositions hereln
However, higher |evels of solid polyol polyester particles (i.e., |ower
level s of | i quid nondigestible oil) are desirable fromthe
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15i?standpoint of controlling or preventing passive oil

wht'h-the ingestion of conpositions containing such liquidjn
oi I.'s. The conbination of l|iquid nondigestible oil and sol{
pol;yester .particles are typically prepared by sinply m xi
conponents together, by heating the m xture until the sol
pol yester material 20 di ssolves in the oil, and by the
m xture to aswtame(HymaH|ZM|onLammrMUre e.g., tenperature.
The specific size of the polyol polyester particles thus forned in tThe-fat
conposi tions herein will be dependent upon the rate at which the heated

conbi nation of oil N'ffn‘i'ﬁf@ cool i ng
rate is 25 defi nNgﬂﬁléjf:'ﬁf& e?gtdl}?]’ b%”?pﬂlse&? ween gs%'?he‘ heat ed
oi | / di ssol ved solid mmgﬁg@ POLYERLERS FIQRIP AP SLMEOTL LO§

l'iquid/solid particle conmbination, di vCOMNITROLthe tinme taken to create this
tenperature differential. General I y the greater the cooling rate enpl oyed
in formng the fat conpositions herein, the smaller will be the particles
of solid polydl polyester material 30 dispersed in such conpositions.
Desirable cooling rates for use in formng the fat conpositions herein are
typrcally greater than 0.6C/ m-n. (1F/ mn.),

TECHNICAL FIELD
10 The present invention relates to nondigestible fat compositions that are
useful as full or partial replacers for triglyceride fats or oils in foods. More
particularly, the present invention provides such nondigestible fat compositions
that provide passive oil loss control without being excessively waxy tasting.

15 " BACKGROUND OF THE INVENTION

Certain polyol fatty acid polyesters have been suggested as low or
reduced calorie substitutes for triglyceride fats and oils used in foods. For
example, nonabsorbable, nondigestible sugar fatty acid esters or sugar alcohol
fatty acid esters having at least 4 fatty acid ester groups with each fatty acid

20  having from 8 to 22 carbon atoms have been used as partial or full fat replacers
in low calorie food compositions. (See Mattson & Volpenhein; U.S. Patent
3,600,186; Issued August 17, 1971.) Foods in which these polyol polyesters
are particularly useful as partial or complete replacements for triglyceride fats
or oils include products suitable for use in frying. Unfortunately, regular

25 ingestion of moderate to high levels of completely liquid forms of these polyol
polyesters can produce undesirable passive oil loss, namel)r, leakage of the
polyesters through the anal sphincter. By contrast, completely solid versions of

~* these polyesters provide a suﬁ'lciently high solids content at mouth temper-
atures (e.g., 92°F, 33.3°C) such that they give a waxy taste or lmpresswn in

30 the mouth when ingested.

As an alternative to these completely liquid or completely solid
'nondigestible/nonabsorbable polyol polyesters, certain intermediate melting
polyol fatty acid polyesters have been developed that provrde passive oil loss
control, while at the same time reducing waxiness in the mouth. (See
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pCeferably greater than 2.8C/ min..(5[err]F/ mn.), nore RE?LA : [

than 5.6 G mn. (10F/ mn), and nost preferably greater [th
%rg to be
é HEVI99®r

(50F/ mn.). Wen the nondigestible fat conpositions hejefn,
in situ, for -18- exanple, within a food product of
pért then the type and concentration of .the fat conpofi
shoul d be selected so that the cooling p?ofile experi
product will result in formulation of the desired ano P
solid polyol polyester particles within the food 5 product. The formation
of thin nondigestible particles according to the present invention provides

especi al ly ef f ' Bbﬁ\ﬂﬁrdpfﬁﬁéﬁéﬁn Phtent Rﬁﬁlcﬁ%y&l 23524 iR {33?85151 slte?t of the

conposi tion. h effi uctlon n so cont
nondi gesti bl e f Eptergber ‘fé@gﬂft qsgv@F%“’(‘\é”@) hess integpediate meltingt o about
15%9. 10  Thi spal;ol_umiyesmsl exhibit| 4 quﬂeeﬂ:eblog;equbadyokehperam by wittuei df | 0ss
control, toget heyjeirWaliflg a matrix which involves a minimal level of solids (e.g. about 12%

5  orlower) that bind the remaining liquid portion. As a result, these intermediate
melting polyol polyesters are sufficiently viscous and have a Suﬁ'lciently high
liquid/solid stability at body temperature to provide passive oil loss control. An
example of such intermediate melting polyol polyesters are those obtained by
substantially‘completely esterifyitig sucrose with a 55:45 mixture of fully

10  hydrogenated (hardstock) and partially hydrogenated soybean oil fatty acid

methyl esters. (See Examples 1| and 2 of the above European patent
applications.) .
These intermediate melting polyol polyestérs can be used as total or
partial replacements for other fats and oils in various food products, including
15 cooking and frying oils. However, it has been found that certain foods such as
potato chips fried in frying fats containing substantial levels of these
nondigestible intermediate melting polyol polyesters, particularly at levels in
excess of about 40%, can give a significantly increased waxiness impression
compared to potato chips that have been fried in the digestible triglyceride fat
20 or oil that the nondigestible polyol polyester has partially replaced. (In terms
of physical properties, "waxiness" relates to how the fat composition is sensed
in the mouth, and specifically relates in part to the sensation of the product
having a relatively high level of solids.) Indeed, this increased waxiness
impression with regard to these intermediate melting polyol polyesters is
25  recognized in the aforementioned European Patent Application No. 233,856
inasmuch as that application discloses fat compositions which contain digestible
food matenials, such as triglycerides and substituted mono- and diglycerides,
that act as solvents for the intermediate melting polyol polyesters. However, as
the proportion of tn'gl&cerides is increased relative to the intermediate melting
30  polyol polyesters so as to impart less waxiness, the caloric content of the frying
fat also increases accordingly. In addition, it has been found that frying fats
containing greater than about 40% of these intermediate melting polyol
polyesters can adversely affect the flavor display of the resulting fried food, in
particular potato chips. |
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tl:Te i ni‘mal / no change in solid content between typical rogm—an ——
terrperatures | eads to nondigestible fats having a | ess WRRI LT ' /
i mpression.:Both the |liquid nondigestible oil and the sol {d
pal yol pol yester conponents, as well as the respective coficéngr %n

selected in 15 order to provide nondi QE?tI bl e fat conposi |ons %
certain set of physical characteristics n particul ar, the:

fats of the present invention should exhibit a rel ativel yjflat Solid Fat
Content (SFC) profile slope across the tenperature range Of fTonrtyprcat
roomtenperature to body tenperature, i.e., from70[err]F to 98.6[err]F.

The SFC profile sl Operltée@&ﬁﬁgsstﬂ?p? s,gﬁrrg? LA S'MF&&SZ@"'V%%JJ@?m 0to

about- - 0. 75%;0I|d err]F, era mO t : [err] F,
more preferably TP & ts'cbc"aﬂbd °s°0° Fedi‘%‘?"[' uropean: 288 candr 366y from O
to about -0.1 Ysaplicioheisrielevedhe bewlubat lehsirin qutteo nhiei dfhgngdm ﬁﬂi@m ofile

I of the fat r
anlost i cal - Met ho GSF seggmt:j %angmgﬁ)ebéﬁwé&rﬁﬁgﬁ rb&ﬁ "Ekﬁ Mg&n { %I\l}i)qudlt I'gesti bl e
Fat Conposi tidns hand,body; tgeReralre(£a9%6R7the Freewample tecatermediatan be
used in various melifg sudese-polyester of BxamploD wf Esrdpest Patetgafpliostion N&ver ages,

and phar maceut i 343556 and 236,128 has an SFC profile slope (as hereinafter defined) between
room temperature and body temperature of about -1.3. In other words, the
SFC profile slope of these intermediate melting polyol polyesters is relatively

10 steep. Given this relatively steep SFC profile slope, the change in solids
content of these intermediate melting polyol polyesters can be sufficiently great
such that a high level of solids will be sensed when such room temperature
materials are first placed in the mouth, thereby leading to an increased waxiness
sensation. )

15 Blends of completely hquxd polyol polyesters with completely solid
polyol polyester hardstocks, preferably esterified with C1o - Cp2 saturated
fatty acids (e.g. sucrose octastearate), have also been proposed in order to
-provide passive oil loss control. (See, for example, Jandacek; U.S. Patent
4,005,195; and Jandacek/Mattson; U.S. Patent 4,005,196; Both issued January

20 - 25,1977.) Blends of these liquid polyol polyesters and solid polyol polyesters .
hardstocks have relatively flat SFC profile slopes between typical room
temperature and body temperature, i.e. slopes of from O to about -0.3, and

" more typically from 0 to about -0.1. In other words, there is little or no change
in the solids content of these blends between room temperature and body

25  temperature.

Although providing at least temporary passive oil loss control, blends of
liquid polyol polyesters and solid polyol polyester hardstocks according to the

.-. aforementioned U.S. '195 and '196 patents do not necessarily provide passive
oil loss control over an extended period of time. It has been found that these

30  solid polyol polyester hardstocks normally tend to form large spherulitic parti-
cles (typically from about 3 to about 32 microns in size) in the liquid polyol
polyesters. These large spherulitic particles may tend to phase separate from
the liquid polyol polyesters during storage of such blends. As a result, a two-
phase system can develop with the liquid portion thereof providing minimal or



-~ either alone or in conbination with other materials su
fats and oils. In particular, the nondigestible fats of thg"
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i nvention can be 30 optionally formulated with a digestiplge trigl ceri d€
fat or oil. Generally, these formulations can conprise fromabdét ﬁié

100% nondi gestible fat and fromO0% to :ﬂ;out 90% digestibdef triglyceride
fat or oil. Preferably, these fornulations conprise fromi{85%to 100% TOTe
preferably from about 50%to about 100% and nost preferabliy.from about 75%
to about 100% nondi gesti bl e -19- fat, and from0%to about 65% nore

preferably from0%to about 50% and nost preferably from0%to about 25%

digestible tri 18 q I1. Because of the potential caloric inpact
of these trigl %&/eé\alg%eéj‘?gt%?stcor{ropl It is. desirable tg mnimze the |evel

\fS ails, it )
at which they are cdﬁﬁf"i’i@ﬁ'v\%@ﬁs efiquist polyoh pelyestars and solid pelvelpalvester i ons of
t he present i nvigndstatiks adsordingdtoh eliec aforemdndohedr 0).S.t Patghty C4003]8950iahd refers

to _t hose trigl y&,&ﬁ,% do not necessarily lead to less waxy tasting products. As taught in
5 these patents, a relatively high level of solid polyol polyester hardstock is
required .to provide passive' oil loss control. For example, hardstock is
preferably used in an amount of from about 20% to about 50% by weight of
the liquid- polyol polyester. (See Column 9, lines 65-68, of U.S. Patent
4,005,195.) Such a level of solid polyol polyester hardstock used for passive
10 oil loss control at body temperature can lead to a waxy iasting product due to
the relatively high level of solids that will also be present at mouth temperature.
In view of the foi'egoing, it would be desirable to provide nondigestible
fat compositions comprising blends of liquid polyol polyesters and'solid polyol
polyester hardstock particles with such blends exhibiting little or no phase
15  separation of the hardstock particles from the liquid polyol polyesters. In
addition, it would be desirable to be able to reduce the level of solid polyol
polyester hardstock required for effective passive oil .loss control so as to
provide less waxy tasting products.

In addition to being useful as passive oil loss control agents when
20 combined with liquid nondigestible oils, certain polyol polyesters which are
solid at temperatures of about 25°C and higher have also been used as
thickening agents for conventional digestible triglyceride oils. For example,
these solid polyol polyesters have been used as "thickening agents" for blending
with liquid digestible or nondigestible oils in formulations such as shortenings,
25 as well as in other food products which contain a combination of fat and non-
' fat ingredients, e.g., margarines, mayonnaise, frozen dairy desserts and the like.
(See, for example. Jandacek and Letton; U.S. Patent 4,797,300, Issued January
10, 1989.) However, these pnior art thickening agents had to be used at levels
of 10 to 25%. Accordingly, it would be desirable to reduce the level of

30 thickening agents of this type in order to provide less waxy tasting products.

SUMMARY OF THE INVENTION
The present invention relates to nondigestible fat compositions which
are useful as replacements for triglyceride fats and oils in food products. Such
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conpositions which are fluid or liquid at .roomtenperature,j f
25[err] C. Although not a requirenent, the triglyceride oil4 .
present invention can include those which are fluid or Iiqyfid
2% err]C. These triglyceride oils 10 consist primarily off 1
materials, but can also include residual |evels of other cbnporen such
mono- and diglycerides. To remain fluid Br liquid at tenpetatures bel ow ™
25[err]C, the triglyeeride oil contains a mninml amount_of gly '
havi ng nelting points highér than about 25[err]C so as to limt the solids
I ncrease when the triglyceride oil is cooled. It is desirable that the 15
triglyceride oil be chem.cally_stahl e.and rgsista tp oxidation. Suitable
triglyceride oi CSMROFHNS hgxe i%é@“‘??%}n?ﬂ"; Ur @ p5?r:fi!ﬁrsﬁﬁpﬁ}°f'?'?fﬂir8°@eget abl e
oi |'s such as cot¢mpesasens (G0TF) and body temrierature £98.6Fenf from 0 to@boutoi0l75 ol i ve
oi |, coconut oi kgsoRdd P, KBLEP lcompbsitidhs FaHher ddomprisd REKRRA nBhdigesfiiie @ila i |
(i.e., rapeseedhm.l l,ow in ﬁ{eUCI c'%‘cl d_} seﬁgmel Slfeq oil, sij,f?f l.oner seed
oi . and 20 bRying diBerset Bens nonfiesstite PR PEEL BOlysStgs RS AL | ons
obt ai ned frot pamounti syffitientdtcarcdntrell passiveyoil fass upoantheeingestian nofh theor
directed i ntere%ﬁﬁégs{iﬂ@tﬂtng][,{,&ygng_v\ed by separation of the oils. GQls
B P g O S gty LRSS 2 TopSichS Terein i

one which has a complete melting point below about 37°C. The polyol

polyesters which can be used to form the solid nondigestible particles in the

10 compositions herein are those wherein the ester groups thereof consist
essentially of (i) at least about 15% ester groups formed from long chain (Cop
or higher) saturated fatty acid radicals, and (ii) other ester groups formed from
fatty or other organic acid radicals which are dissimilar to said long chain
saturated fatty acid radicals. The molar ratio of dissimilar acid radicals to long

15  chain saturated fatty acid radicals ranges from about 0.1:7.9 to about 3:5.
Moreover, the dissimilar acid radicals cannot consist solely of short chain (C5-
C12) saturated fatty acid radicals, long chain (Cj2 or higher) unsaturated fatty
acid radicals or a combination of said short chain saturated or long chain
unsaturated fatty acid radicals.

20 The nondigestible fat compositions of the present invention provide
significant advantages over known intermediate melting polyol polyesters, as
well as prior art blends of liquid polyol polyesters and solid polyol polyester
hardstocks. The relatively small nondigestible particles provide especially
efficient passive oil loss control. As a result, the level of solids at body

25  temperature required for passive oil loss control can be reduced to relatively

' . low levels, (e.g., to less than about 20%, more preferably, to less than about
15% of the nondigestible fat). In addition, the nondigestible fats of the present

-°  invention have relatively flat SFC profile slopes, thus leading to minimal or no
change in solids content between typical room and body temperature. This

30 combination of the relatively low solids levels required for passive oil loss
control, with minimal or no solids content change between room and body
temperatures, can result in less waxy tasting products containing these
nondigestible fats.

The present invention also relates to digestible fat compositions which



shoul d be taken not to greatly increase the anount of glycen L.ting
above 25 25[err] C. Wien oils are selected which have a | a EgPL,q@gmmo
solids nmelting between 25[err] and 40[err] C than are desirabl £
Recessary to separate out the solids.: For exanple, refined hn glg g%l¥
hydr ogenat ed soybean oil i's suitable, as Il as refined coftpnSee 1795
used herein, the term!triglyceride fat" Tefers to those tr | 30
conpositions which are solid or plastic above about 25[err]}C. These sol i
or plastic fats can be derived fromplants or aninmals or caibe-edi-blee . !
synthetic fats or oils. For exanple, animal fats such as lard, tallow, oleo
oil, oleo stock, I : | | : i
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BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a photomicrograph (magnification 1000X) depicting
particles of diversely esterified solid polyol polyester material containing toluic
acid as the dissimilar acid radical, said solid polyol polyester dispersed in a
10 liquid sucrose polyester. ' '

DETAILED DESCRIPTION OF THE INVENTION
A. Definitions
By "nondigestible” is meant that only about 70% or less of the material
15 can be digested by the body. Preferably, only about 20% or less of such
materials can be digested, more preferably only 1% or less of such materials
can be digested.
As used herein, the term "thickness" of a particle is used in its
conventional sense of the smallest of the three dimensions (length, width,
20 height) of any given particle.
' As used herein, the term "spherulitic" refers to substantially spherical or
round, essentially three-dimensional particles.
As used herein, the term “platelet-like" refers to a substantially flat,
essentially two-dimensional type of particle having length and width in the
25 unfolded planar configuration that is substantially greater in.dimension than its
thickness.
As used herein the terms “filament-like" and "rod-like" refer to
. elongated, essentially one-dimensional particles.
' As used herein, the term "complete melting point" refers to the
30 temperature at which all solid components have meited. All melting points
referred to herein are measured by Differential Scanning Calorimetry (DSC) as
described hereinafter. '
As used herein, the term "comprising" means various components, or
steps, can be conjointly employed in the nondigestible fat compositions and



techni ques or by proper mxture with sufficient triglycerides which are

solid at roomtenperature to forma rigid interlocking c 3
structure which 5 interferes with the free-flowing pro ﬂggﬁggNIh%HEET
| #quid oil. See Purves et al; U S. Patent 3,355,302; |ssped Novenber 28,
1967, and Darragh et al; U S. Patent 3, 867,556; |ssued nﬂ[?ZENAMG19197=
(both incorporated herein by reference), for further ex | es of solid gr
plastic fats. Because the solid or plastic fats add an gppreci abl e tevet f
solids, their inclusion can cause adverse 10 effects dn-the grganol epti
properties, in particular, waxi ness g ble fat- coptaining products
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nondi gesti bl e featempdssesithe moresrestrictive\tenmsi "sonsisting iessentiaip of & "tanisisting :
triglycerides igpr uhi €onSiSthg sb]@ﬁ,&f three of the OH gr oups of the gI ycer ol

nmol ecul e have been subst uted W th acetyl, .propion 15 buty

caproyl, caprylyl, é)ﬁ' ein, thejterm Jot 8%’615?‘?53 ?(rﬂ‘??gs @H}F‘%ﬁé of the
gl ycerol nolsecuess t(ha!i l@ﬁ%) frefermablyeeomsistinigs of tiess etlan\i80%%, aragile preftrabl s of
saturated or Urb%ﬁ&é{fn?to?fés{@ﬁﬁloﬂc' ds having from 12 to 24 carbon atons. The
nondi gesti bl e fat of this invention c n al so, be used in

erl
conbi nation with re ceEPa} 1 3% ieant @i polyRydEF plcahg! spntainingeati Ipast dng chai n
preferably from 4 to 12, more preferably from 4 to 8, most preferably from 6 to

8, hydroxyl groups. Polyols thus include sugars (i.e., monosaccharides,
10  disaccharides and trisaccharides), sugar alcohols (i.e., the reduction product of
sugars wherein the aldehyde or ketone group has been reduced to an alcohol),
other sugar derivatives (e.g., alkyl glycosides), polyglycerols such as diglycerol
and triglycerol, pentaerythritol, and polyvinyl alcohols. Specific examples of
~ suitable sugars, sugar alcohols, and sugar derivatives include xylose, arabinose,
15 rbose, xylitol, erythritol, glucose, methyl glhcoside, mannose, galactose,
' fruciose, sorbitol, maltose, lactose, sucrose, raffinose, and maltotriose.
Preferred polyols include erythritol, xylitol, sorbitol, and glucose, with sucrose
being an especially preferred polyol. '

By "polyol polyester" is meant a polyol as hereinbefore defined having
20 at least 4 ester groups, i.e., at least 4 of the hydroxyl groups are esterified with
fatty or other organic acids. Polyol esters that contain 3 or less ester groups
are digested in (and the products of digestion are absorbed from) the intestinal
tract much in the manner of ordinary triglyceride fats or oils, whereas those
polyol esters which contain 4 or more ester groups are generally substantially
25  nondigestible and consequently nonabsorbable by the human body. It is not
necessary that all of the hydroxyl groups of the polyol be esterified, but it is
preferable that disaccharide molecules contain no more than 3 unesterified
hydroxyl groups, and more preferably no more than 2 unesterified hydroxy!
groups, so that they are rendered nondigestible. Typically, substantially all
30 (e.g., at least about 85%) of tt hydroxyl groups of the polyol are esterified.
For liquid polyol polyesters, preferably at least about 95% of the hydroxyl
groups of the polyol are esterified. In the case of sucrose polyesters, typically

from about 7 to 8 of the hydroxyl groups of the polyol are esterified.
By "ester group” is meant a moiety formed from the reaction of a
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®urie! heyristie,| nyfisdieit pamitic, palmitoleic, stearic, oleic, elaidic,
ricinoleic, linoleic, linolenic, eleostearic, arachidic, arachidonic, behenic,
lignoceric, erucic, and cerotic fatty acid radicals and other organic acid radicals
including aromatic esters such as benzoic and toluic; branched chain radicals
such as isobutyric, neooctanoic or methyl stearic; ultra-long chain saturated or
unsaturated fatty acid radicals such as tricosanoic or tricosenoic; cyclic
aliphatics such as cyclohexane carboxylic; and polymeric ester-forming radicals
such as polyacrylic and dimer fatty acid. The fatty acid or other organic
radicals can be derived from naturally occurring or synthetic acids. The acid
radicals can be saturated or unsaturated, including positional or geometric
isomers, e.g. cis- or trans-isomers, straight or branched chain aliphatic or
aromatic, and can be the same for all ester groups, or can be mixtures of
different acid radicals. :

By "dimer fatty acid radical" is meant dibasic acid such as that
produced by dimerization of the fatty acids or fatty acid lower esters of any of
a number of polyunsaturated vegetable oils such as soybean oil or cottonseed
oil or animal fats such as tallow.

All percentages, ratios and proportions used herein are by weight unless
otherwise specified.

B. Liquid Nondigestible Oil

A key component of the nondigestible fat compositions herein is a
liquid nondigestible oil having a complete melting point below about 37°C.
Suitable liquid nondigestible edible oils for use herein include liquid polyol fatty
acid polyesters (see Jandacek; U.S. Patemt 4,005,195; Issued January 25,
1977), liquid esters of tricarballylic acids (see Hamm; U.S. Patent 4,508,746,
Issued April 2, 1985); liquid diesters of dicarboxylic acids such as derivatives
of malonic and succinic acid (see Fulcher; U.S. Patent 4,582,927, lssued
April 15, 1986); liquid triglycerides of alpha-branched chain carboxylic acids
(see Whyte; U.S. Patent 3,579,548, Issued May 18, 1971); liquid ethers and
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, 5 June 20, 1989); liquid polyesters of two ether linked hydroxypolycarboxyhc
acids (e.g., citric or isocitric acid) (see Huhn et al; U.S. Patent 4,888,195;
Issued December 19, 1988); liquid esters of epoxide-extended polyols (see

White et al; U.S. Patent 4,861,613; Issued August 29, 1989); as well as liquid

polydimethyl siloxanes (e.g., Fluid Silicones available from Dow Coming). All

10 ofthe foregoing patents relating to the liquid nondigestible oil component are
incorporated herein.By reference.

Preferred liquid nondigestible oils are the liquid polyol fatty acid
polyesters that comprise liquid sugar fatty acid polyesters, liquid sugar alcohol
fatty acid polyesters, and mixtures thereof. The preferred sugars and sugar

15  alcohols for preparing these liquid polyol polyesters include erythritol, xylitol,
sorbitol, and glucose, with sucrose being especially preferred. The sugar or
sugar alcohol starting materials for these liquid polyol polyesters are preferably
esterified with fatty acids containing from 8 to 22 carbon atoms, and most
preferabiy'from 12 to 18 carbon atoms. Suitable naturally occurring sources of

20  such fatty acids include comn oil fatty acids, cottonseed oil fatty acids, peanut
oil fatty acids, soybean oil fatty acids, canola oil fatty acids (i.e. fatty acids
derived from low erucic acid rapeseed oil), sunflower seed oil fatty acids,
sesame seed oil fatty acids, safflower oil fatty acids, fractionated palm oil fatty
acids, palm kernel oil fatty acids, coconut oil fatty acids, tallow fatty acids, and

25 lard fatty acids.

The nondigestible polyol fatty acid polyesters that are liquid are those
which have minimal or no solids at body temperatures (i.e., 98.6°F, 37°C). -

.+ These liquid polyol polyesters typically contain fatty acid ester groups having a
high proportion of C2 or lower fatty acid radicals or eise a high proportion of

30 Cjg or higher unsaturated fatty acid radicals. In the case of those liquid polyol
polyesters having high proportions of unsaturated C;g or higher fatty acid
radicals, at least about half of the fatty acids incorporated into the polyester
molecule are typically unsaturated. Preferred unsaturated fatty acids in such
liquid polyol polyesters are oleic acid. linoleic acid, and mixtures thereof.
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mannose tetraesters of mixed soybean oil fatty acids, the galactose tetraesters

of oleic acid, the arabinose tetraesters of linoleic acid, xylose tetralinoleate,

galactose pentaoleate, sorbitol tetraoleate, the sorbitol hexaesters of

‘unsaturated soybean oil fatty acids, xylitol pentaoleate, and mixtures thereof.
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The liquid polyol polyesters suitable for use in the compositions herein
can be prepared by a variety of methods known to those skilled in the art.
These methods include: transesterification of the polyol (i.e. sugar or sugar
alcohol) with methyl, ethyl or glycerol fatty acid esters containing the desired
acid radicals using a variety of catalysts; acylation of the polyol with a fatty
acid chloride; acylation of the polyol with a fatty acid anhydride; and acylation

of the poiyol with the desired fatty acid, per sec. (See, for example, U.S.

Patent Nos. 2,831,854, 3,600,186, 3,963,699, 4,517,360 and 4,518,772, all of
which are incorporated by reference. These patents all disclose suitable
methods for preparing polyol fatty acid polyesters.) |

C. Solid Polyol Polyester Component

A second key component of the nondigestible fat compositions herein
comprises ‘relatively small nondigestible solid particles of certain polyol
polyester material that are dispersed in liquid nondigestible oil to control or
prevent passive oil loss. These particles can be in variety of forms and shapes,
including spherulitic, platelet-like, filament-like, or rod-like, or combinations of
these various shapes, but are typically spherulitic or platelet-like. The thickness
of these particles is typically about 1 micron or less. Thinner particles,
thevei', are preferred from the star_idpoint of providing more efficient passive
oil loss control of the liquid nondigestible oil component of the compositions
herein. Accordingly, these particles preferably have a thickness of about 0.1
micron or less, more preferably about 0.05 microns or less. These solid
particles also have a complete melting point above about 37°C, preferably
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5  which is sufficiently high such that the nondigestible particles themselves will
have the hereinbefore specified melting point characteristics when such
particles are dispersed in the liquid nondigestible oil. For example, a polyol
polyester material having a complete melting point right at 37°C may not form
solid particles having a complete melting point above about 37°C when such

10 particles are dispersed in the liquid nondigestible oil. Thus, in some cases, the
complete melting point of the neat polyol polyester material may have to be
slightly higher than 37°C, e.g., about 40°C or higher, in order to form solid
particles having a complete melting point of 37°C when such particles are
combined with the liquid nondigestible oil. _

15 The nondigestible particles can generally be dispersed as discrete,
unaggregated entities in the liquid nondigestible oil. However, these -
nondigestible particles can also cluster together to form much larger aggregates
which are dispersed in the liquid nondigestible oil. This is particularly true of
those nondigestible particles that are platelet-like in form. Aggregates of

20 platelet-like nondigestible particles typically assume a spherulitic shape that is
porous in character and thus capable of entrapping significant amounts of liquid
nondigestible oil. 1t is believed that this porous structure and its concomitant
ability to entrap large amounts of liquid nondigestible oil is why these
aggregated, platelet-like particles, while not as efficient as the particles in

25  unaggregated form, can provide very effective and efficient passive oil loss
control. -

The nondigestible particles for use in the compositions herein comprises
certain solid polyol polyesters which have their ester group-forming fatty acid
radicals selected so that the polyol backbone does not contain all of a single

30 type of ester group. Generally, these polyol polyesters contain two basic types
of ester groups. These are (i) groups formed from certain long chain saturated
fatty acid radicals, and (ii) groups formed from acid radicals which are
"dissimilar" to the long chain saturated fatty acid radicals. When these
"dissimilar® fatty acid and/or organic acid radicals are esterified onto a polyol
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c | ve for I ckeni ng agen
g F c in versus straight chain, unsaturate cham versus saturated chain,

* aromatic versus aliphatic chain, etc. Polyol polyesters containing these "long
chain" and "dissimilar” ester groups are called "diversely esterified polyol
polyesters".
a) .Long Chain Saturated Fatty Acid Component of the Diversel
Esterified Polyo! Polyester Oil Loss Control Particles )
The ester groups of the diversely esterified nondigestible polyol

polyester particles must include those formed from certain long chain saturated
fatty acid radicals. Suitable long chain Saturated'fatty acid radicals comprise
those which contain from 20 to 26, most preferably 22, carbon atoms. The
long chain saturated fatty acid radicals can be used singly, or in mixtures with
each other, in all proportions. In addition, straight chain (normal) fatty acid
radicals are typically used as the long chain saturated fatty acid ‘radicals which
- form the ester groups of the diversely esterified polyol polyester. Examples of
suitable long chain fatty acid radicals include eicosanoate (arachidate),
docosanoate (behenate), tetraconsanoate (lignocerate), and hexaconsanoate
(cerotate).
b)  Dissimilar _Ester-Group Forming Component of the Diversely -

Esterified Polyol Polyester Oil Loss Control Particles
The ester groups of the diversely esterified nondigestible polyol

polyester particles must also include those formed from certain dissimilar acid
radicals as hereinafter defined. Such dissimilar radicals can comprise Cy5 or -
higher unsaturated fatty acid radicals or C9-C2 saturated fatty acid radicals or
mixtures thereof or can be of the aromatic ester-forming type, or other types
such as ultra-long chain or various branched cyclic or substituted acid radicals.
No matter what type of dissimilar acid radical is utilized to form the diversely
esterified polyol polyester oil loss control particles herein, such particles should
not consist solely of diversely esterified solid polyol polyesters where the
dissimilar ester-forming acid radicals comprise C12 or higher unsaturated fatty
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5  particular long chain unsaturated and/or short chain saturated fatty acid radicals

as the dissimilar acid radical substituent. '

i) Long Chain Unsaturated Radicals
A preferred class of "dissimilar" acid radicals comprises long chain
unsaturated fatty acid radicals. Suitable long chain unsaturated fatty acid
10 radicals contain at least 12, preferably from 12 to 26, more preferably from 18
to 22, most preferably 18 carbon atoms.

Examples of suitable long chain unsaturated fatty acid radicals for use
in forming diversely esterified polyol polyesters include monounsaturated fatty
. acid radicals such as lauroleate, myristoleate, palmitoleate, oleate, elaidate, and
15 erucate, and polyunsaturated radicals such as linoleate, arachidonate,
linolenate, eicosapentaenoate, and docosahexaenoate. In terms of oxidative
stability, the monounsaturated and diunsaturated fatty acid radicals are

preferred.
ii) Short Chain Saturated Radicals
20 Another preferred class of "dissimilar" acid radicals comprises short

chain saturated fatty acid radicals. Suitable short chain saturated fatty acid
radicals contain from 2 to 12, preferably from 6 to 12, and most preferably 8 to
12, carbon atoms. Examples of suitable short chain saturated fatty acid
radicals are acetate, butyrate, hexanoate (caproate), octanoate (caprylate),
25  decanoate (caprate), and dodecanoate (laurate). -
iti) Aromatic Dissimilar Ester-Forming Radicals
Another suitable class of dissimilar ester groups comprises those
formed from aromatic radicals. Aromatic radicals can be derived from a wide
variety of aromatic compounds including benzoic compounds such as benzoic
30 acid or toluic acid: amino benzoic compounds such as aminobenzoic and
aminomethyl benzoic acids; hydroxybenzoic compounds such - as
. hydroxybenzoic, vanillic and salicylic acids; methoxybenzoic compounds such
as anisic acid; acetoxyphenylacetic compounds such as acetylmandelic acid;
halobenzoic compounds such as chlorobenzoic, dichlorobenzoic, and
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iv) Other Dissimilar Ester-Forming Radicals
Various other ester-forming radicals can also serve as those which form

the dissimilar ester groups of the diversely esterified polyol polyester particles

used herein. Such other radicals can be branched chain alkyls, e.g., methyl

10  alkyl radicals such as methy! stearic, isobutyric, and isovaleric; ultra-long chain

saturated or unsaturated radicals including tricotanoic and tricontenoic; cyclic

aliphatic radicals including cyclobutane carboxylic, cyclopentane carboxylic,

cyclohexane carboxylic, cyclohexane acetic, and hydroxycyclic ‘such as

ascorbic; polycyclic aliphatics such as abietic; polymeric ester-forming acids

15 such as polyacrylic and dimer fatty acid; and alkyl chain esters with "functional”

groups attached including haloalkyl coinpounds such as chlorostearic,

chlorocaprylic, chloroacetic, bromostearic, bromocaprylic, and bromoacetic;

aminoalkyl compounds such as aminocaprylic and aminostearic; phenoylalkyl

compounds such as benzoylbutyric; and phenylalkyl compounds such as phenyl

20  acetic. These "other" dissimilar radicals can also be used singly, or in mixtures

~ with each other, in all proportions.
c) Preparation of Diversely Esterified Polyol Polyesters _

The divérsely esterified polyol polyesters of the type hereinbefore

described can be prepaied by esterifying the desired polyol with the requisite

.25  type of ester-forming radicals. Mixed fatty acid radicals from oils which

contain substantial amounts of the desired dissimilar and/or long chain

saturated fatty acids can be used as the sources of fatty acid radicals in

preparing the solid polyol polyesters used in the present invention. The mixed

fatty acids from such oils should preferably contain at least about 30%

30  (preferably at least about 50%, and most preferably at least about 80%).of the

desired dissimilar and/or long chain saturated fatty acids. For example, palm

kernel oil fatty acids can be used instead of a mixture of the respective pure
saturated fatty acids having from 8 to 12 carbon atoms. Similarly, rapeseed oil '

. fatty acids or soybean oil fatty acids can be used instead of a mixture of the
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saturated fatty acids having from 20 to 26 carbons. Preferably, the Coq and
higher acids (or their derivatives-e.g., methyl esters) are concentrated, for
example, by distillation.

The diversely esterified solid nondigestible polyol polyester particles
used herein and prepared from the various sources of acid radicals as outlined
hereinbefore will generally contain at least about 15%, preferably at least about
30%, more preferably at least about 50%, and most preferably at least about
80%, of the long chain saturated fatty acid radicals along with at least some of

the dissimilar acid radicals. In the diversely esterified polyol polyester materials
used herein, the molar ratio of dissimilar radicals to long chain saturated fatty
acid radicals can range from about 0.1:7.9 to about 3:5, preferably from about
0.5:7.5 to about 2:6, more preferably fr_om about 1:7 to about 1.5:6.5. A
typical suitable molar ratio of dissimilar acid radicals to long chain saturated
fatty acid radicals is about 1:7.

The diversely esterified solid polyol polyester materials useful herein
can be made according to prior known methods for .preparing polyol
polyesters.  Since the sucrose polyesters are the preferred solid polyol
polyesters for use in the present invention, such preparation will be exemplified
primarily by these materials. One such method of preparation comprises
reacting the acid chlorides or acid anhydrides of the desired ester-forming
acids, or the acids per se, with sucrose, preferably using a sequential
esterification process. In this sequential esterification process, sucrose is
initially partially esterified with the dissimilar acid chlorides, followed by
complete or substantially complete esterification of this initial reaction product
with the long chain saturated fatty acid chloride, in that order, or in reverse
order. (See Letton. European Patent 311,154; Published April 12, 1989,
herein incorporated by reference). - _

Another method for preparing these diversely esterified solid polyol
polyesters is by the process of reacting methyl esters of the desired ester-
forming acids with sucrose in the presence of a fatty acid soap and a basic
catalyst such as potassium carbonate. (See, Jandacek et al; U.S. Patent
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European Patent 311,154; Published April 12, 1989, all of which of which

s relate to polyol polyester synthesis and which are incorporated herein by

reference.) When using the methyl ester route to prepare these diversely
esterified solid polyol polyesters having mixed dissimilar acid radicals and long
chain saturated fatty acid radicals, the octaester of one of the types of acids
(e.g., dissimilar acids, or long chain saturated fatty acids) can be prepared first,

10 followed by partial interesterification of this initial reaction product with the
methyl ester of the other type of acid. In a preferred way of practicing this
methyl ester process. the methyl esters of the long chain saturated fatty acids
are reacted with sucrose in a first stage at about 135°C to obtain partial esters
of sucrose. The methyl esters of the dissimilar acids are then added to the

15 reaction and the temperature is dropped to 90°C-120°C, as necessary (and
reflux, if required) to achieve the desired degree of esterification.

When using the methyl ester route to prepare these diversely esterified
solid polyol polyesters having mixed dissimilar acid and long chain saturated
fatty acid radicals, the dissimilar and long chain saturated methyl esters are

20  blended in the desired ratio and reacted with sucrose by transesterification to

obtain the sucrose esters of mixed dissimilar/long chain saturated fatty acids.
D.  Preparation of Nondigestible Fat Compositions Which Exhibit
Minimal Passive Oil Loss :

To prepare the nondigestible fat compositions herein which exhibit

25 improved passive oil loss control, the liquid nondigestible oil is combined with
the particles of the solid polyol polyesters hereinbefore described. The polyol
polyester particles are used in an amount sufficient to control or prevent

- passive oil loss. What constitutes "an amount sufficient to control or prevent’
passive oil loss" for any given fat composition depends upon the particular

30 solid polyol polyester utilized therein, the particular passive oil loss control
benefits desired, and the level of waxiness mouth impression which can be
tolerated for the particular end product use of the nondigestible fat
composition which is formulated. Typically, the nondigestible fat composition

so formed will comprise from about 60% to about 99% of the liquid



1s°  Sanpl e of polyol polyester material or polyol polyester-containing
particles i s heated to at |east 10[err] C above the tenperd [ )
visible solids are nelted and m xed thoroughly. 30 2. wﬁémﬂﬁﬁm

sanple is weighed into sanple pan. 3. A scan is perforngd |f rom about

10[ err] C above t'he tenperature at which all visible solidsg dre2 gehlied@so

-60[err]C at 5[err]C per mnute. 4. The -tenperature of tjhg sanple is

~maintained at -60[err]C for 3 m nutes and scanned from -6Q[ erTTCTO THE
original starting tenperature at 5[err]C per ~ -25- minutle (i.e.. to about|
10[err] C above the tenperature at which all
The corrpl ete nelt point is the tenperature at the intersection of the base
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visible solids are nelted).

liquid nondigestible oil and from about 1% to about 20% of the solid polyol
polyester particles, more preferably from about 85% to about” 99% liquid
nondigestible oil and from about 1% to about 15% of the solid polyol polyester
particles, even more preferably from about 90% to about 99% liquid
nondigestible oil and from about 1% to about 10% of the solid polyol polyester
particles, and most preferably from about 95% to about 99% liquid
nondigestible oil and from about 1% to about 5% of the solid polyol polyester
particles. The use of higher levels of liquid nondigestible oil (i.e., lower levels
of solid polyol polyester particles) may be desirable from the standpoint of
reducing waxiness impression left by the solid components of the nondigestible
fat compositions herein. However, higher levels of solid polyol polyester
particles (i.e., lower levels of liquid nondigestible oil) are desirable from the
standpoim of controlling or preventing passive oil loss associated with the
ingestion of compositions containing such liquid nondigestible oils.

The combination of liquid nondigestible oil and solid polyol polyester
particles are typically prepared by simply mixing these two components
together, by heating the mixture until the solid polyol polyester material
dissolves in the oil, and by then cooling the mixture to a suitable crystallization
temperature, e.g., room temperature.

The specific size of the polyol polyester particles thus formed in the fat
compositions herein will be dependent upon the rate at which the heated
combination of oil and dissolved solid is cooled. As used herein, cooling rate is
defined as the temperature differential between (a) the heated oil/dissolved
solid combination and (b) the cooled crystallized liquid/solid particle
combination, divided by the time taken to create this temperature differential.
Generally the greater the cooling rate employed in forming the fat compositions
herein, the smaller will be the particles of solid polyol polyester material
dispersed in such compositions. Desirable cooling rates for use in forming the
fat’ compositio'ns' herein are typically greater than 0.6°C/min.. (1°F/min.),
preferably greater than 2.8°C/min. (5°F/min.), more preferably greater than 5.6
°C/min. (10°F/min), and most préferably greater than 27.8°C/min. (50°F/min.).
When the nondigestible fat compositions herein are to be formed in_situ, for
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t hi ckness of the solid polyol polyester particles forned i rREBbACEp

nondi gesti bl e fat conpositions herein may be estimted at fo¢m
w'th a Ni kon M crophot video-enhanced |ight mcroscope (VE
Hof f man Mbdul ation Contrast (HVO) optics
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product.

The formation of thin nondigestible particles according to the present
invention provides especially efficient passive oil loss control for the resulting
fat composition. Such efficiency permits a reduction in solids content of the
nondigestible fat to relatively low levels (e.g., to from about 1 to about 15%).
This reduction in solids level required for passive oil loss contrdl, together with

. the minimal/no change in solid content between typiril room and body

temperatures, leads to nondigestibl'e fats having a less waxy t: st'ng impression.

Both the liquid nondigestible oil and the solid nondigestible polyol
polyester components, as well as the respective concentrations, are selected in
order to provide nondigestible fat compositions having a certain set of physical
characteristics. In particular, the nondigestible fats of the present invention
should exhibit a relatively flat Solid Fat Content (SFC) profile slope across the
te}nperature range of from typical room temperature to body temperature, i.e.,
from 70°F to 98.6°F. The SFC profile slope between these temperatures should
be from 0 to about -0.75 %solids/°F, preferably from 0 to about -0.5 %solids/®
F, more preferably from 0 to about -0.3 %solids/°F, most preferably from O to
about -0.1 %solids/°F. The method for determining the SFC profile slope of
the fat compositions herein is described hereinafter in the Analytical Methods
section.

E. Food Products with Nondigestible Fat Compositions

The nondigestible fats of the present invention can be used in various
edible fat-containing products including foods, beverages, and pharmaceuticals,
either alone or in combination with other materials such as digestible fats and
oils. In particular, the nondigestible fats of the present invention can be
optionally formulated with a digestible triglyceride fat or oil. Generally, these
formulations can comprise from about 10% to 100% nondigestible fat and from
0% to about 90% digestible triglyceride fat or oil.  Preferably, these

formulations comprise from 35% to 100%, more preferably from about 50% to

about 100% and most preferably from about 75% to about 100% nondigestible

ql? o l.er ement to
s RV Gomporifitn SATRATETA AU be $5E1E0: 0 I hes(

The thi ckness otodling psafilé ekpedénced by the oot prodyca mill mlsvdgmlfenméamnroﬂhe n um
This method per gdirgd QhBﬁﬁra%Btsiz@Tdf% fid palybl ﬁélﬁ‘estepgwéigﬂs Wﬁ“ﬁ@?&ﬁﬁ j ust

wi thin the rgsol utj on of the (appr oxi mat'e Particle



thi'‘ckness of particles having smaller dinensions can be de@@ :
Freeze Fracture Method described hereinafter. 25 ( AN
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sanpl e preparation is required, other than obtaining a repfepentative

sanpl e. The sanpl es shoul d be nelted and cool ed anbiently.
"The Modul ation Contrast M croscope: Princ|ples and
Per f or mances", Journal of M- croscopy, Vol. ‘W10, Pt 3, Augubt "T977, pp.

Robert Hof f man,

205-222. 30

(Freeze Fracture Transm ssion Electron M croscopy) The three-dinensional
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most preferably from 0% to about 25%, dlgestlble triglyceride fat or oil.
Because of the potential caloric impact of these triglyceride fats or oils, it is
desirable to minimize the level at which they are combined with the
nondigestible fat compositions of the present invention.

As used herein, the term "triglyceride oil" refers to those tnglycende
compositions which are fluid or liquid at room temperature, i.e., at 25°C.
Although not a requirement, the triglyceride oils useful in the present invention
can include those which are fluid or liquid below 25°C. These triglyceride oils
consist primarily of triglyceride materials, but can also include residual levels of
other components such as mono- and diglycerides. To remain fluid or liquid at
temperatures below 25°C, the triglyceride oil contains 2 minimal amount of
glycerides having melting points higher than about 25°C so as to limit the
solids increase when the triglyceride oil is cooled. It is desirable that the
triglyceride oil be chemically stable and resistant to oxidation.

| Suitable triglyceride oils can be derived from naturally occurring liquid
vegetable oils such as cottonseed oil, soybean oil, safflower oil, corn oil, olive

oil, coconut oil, palm kernel oil, peanut oil, rapeseed oil, canola oil (i.e.,

rapeseed oil low in erucic acid), sesame seed oil, sunflower seed oil, and
mixtures thereof. Also suitable are liquid oil fractions obtained from palm oil,
lard and tallow by, for example, graining or directed interesterification,
followed by separation of the oils. Oils predominating in 'glycen'des of
unsaturated acids can need some hydrogenation to maintain flavor, but care
should be taken not to greatly increase the amount of glycerides melting above
25°C. When oils are selected which have a larger amount of solids melting
between 25° and 40°C than are desirable, it can be necessary to separate out

the solids. For example, refined and slightly hydrogenated soybean oil is

suitable, as well as refined cottonseed oil.

As used herein, the term “triglyceride fat" refers to those triglyceride
compositions which are solid or plastic above about 25°C. These solid or
plastic fats can be derived from plants or animals or can be edible synthetic fats

"or oils. For example, animal fats such as lard, tallow, oleo oil, oleo stock, oleo

stearin and the like which are solid at room temperature can be utilized. Also,
triglyceride oils, e.g. unsaturated vegetable oils, can be converted into plastic

1) ?ﬁﬁh"é’% % %:SJt %@Wrg g&?e;?éﬁhf frbm! ®ho T68138%, and - 26-




X. The outside cavity of a freezing container is filled with liguid N2 and
t-he inner dewar of the freezing container is filled w't DO U e '
(normal nelting tenperature of-172[err]C). The ethane ig ﬁ@@@sﬂgﬁrz&
2. A small anmount (1-2 ul) of the nondigestible fat| danple vvitgét'hé
pol yol polyester particles dispersed therein is placed ijn tggv@W"l a
gol d-pl ated Bal zers speci-nen hol der. (NER'e: for very fluid sanples, 1-2jul
of sanple is placed on a gold planchet (Balzers) and anof her planchet is
pl aced on top of the first to forma sandw ch.) 10 3. LMbst of - the-fwezdn
ethane in the dewar is nelted by inserting a netal heat sink (e.g.,

tweezers) into : ' i hﬂgp, t he
speci nen hol defgtggﬁggﬁ%i néé%ﬁ_%'iawgr%fH{‘Sﬁ’réfj"g‘fat"@%ﬁ’?gd‘f Epga?‘éke up using
a pair of tweegensgiugntg ofathe il followad dy canventiondl ehilling andchataliization 5.
Af t elr< l a few f] e ¢eehnlguesidn dy phspet Mbktutobitiesuflicent englyeaidés which Be selibane,
qui ckly touche ' & f +1S: Nl L] r cgss et hane,
and i nmedi at el 30‘%"?71%'%%’%&?%?% he ?gﬁ#‘& N%ﬂto ék"E%feég’}}Eaﬂg‘esﬁmr"ge %‘T‘%‘_ .
5 1nterferes with the free-flowing properties of the liquid oil. See Purves et al;

U.S. Patent 3,_355,302; Issued November 28, 1967, and Darragh et al; U.S.

Patent 3,867,556; Issued February 18, 1975 (both incorporated herein by

reference), for further examples of solid or plastic fats. Because the solid or

plastic fats add an appreciable level of solids, their inclusion can cause adverse
10  effects on the organoleptic properties, in particular waxiness, of the edible fat-
containing products of the present invention.

Triglyceride fats and oils useful in the nondigestible fats of the present
invention can include certain triglycerides in which one, two or three of the OH _
groups of the glycerol molecule have been substituted with acetyl, propionyl,

15 butyryl, caproyl, caprylyl, or capryl radicals, and the remaining OH groups of
the glycerol molecule (if any) have been substituted with acyl radicals of
saturated or unsaturated fatty acids having from 12 to 24 carbon atoms.

The nondigestible fat materials of this invention can also be used in
combination with reduced calorie medium chain and mixed medium/long chain

20 triglycerides such as are disclosed in Ehrman; U.S. Pat. 4,888,196; Issued
| December 19, 1989 and Seiden; European Patent 322,027; Published June 28,
1989, both incorporated herein by reference.
The nondigestible fat compositions of the present invention can be used
in or as shortening and oil products. The shortening and oil products can be
25 used in frying applications such as preparation of french fried potatoes, potato
chips from potato slices or fabricated potato pieces, potato sticks, corn chips,
tortilla chips, donuts, chicken, fish, and fried pies (e.g. turnovers). The
- shortening and oil products can also be used in preparing baked goods in any
form, such as mixes, shelf-stable baked goods, and frozen baked goods,
30 including, but not limited to, cakes, granola bars, brownies, muffins, bar
cookies, wafers, biscuits, pastries, pies, pie crusts, and cookies, including
sandwich cookies, chocolate chip cookies, particularly storage stable dual-
texture cookies as disclosed in Hong et al; U.S. Patent 4,455,333; Issued June
19, 1984. -These baked goods can contain fruit, cream, or other fillings. Other



6:° The sanple is transferred under liquid N2 to a JEOL JFD-9000C sanple 20
hol der and then transferred into the chanber of a JEOL JFD{gLX —
freeze-fracture unit. The tenperature of the unit should b iEggECEMENT SHEET
-175[err] C. Vacuum shoul d be at |east 8Xl0[err] torr. 7. nife i's cool €l
'to a tenperature of about -165[err]C. 8. The sanple is fractueg AUG 45bg
JEQL chanber using the pre-cooled knife. 26 9. Plati numfcarbon is
deposited onto the fractured sanple at a 45 angle for 4.5 ge ;
by carbon deposition at a 90 angle for 25 seconds to form & replica of the
fractured sanple. The high voltage is 2500V and the current is 70 nA I10.
The sanples are repoved fromthe freeze fractyre unit and cl eaned using 30
3 washes of chlor ?Frrﬁ°°‘gsl.“sefh@°lr“gf)l f"(?‘gsiag p'iogﬁeﬁfa T nPTE2880 PARSKPSc opper
EM grid and examniwaflles| iceccréamn nenes a8d onpse lyeast-raised bake geadsppizzdl @nd pizzages are

recorded on negatdny® shli bakedtakinaesdus sk Prddibes afd SthERiRed SaMEA LhagkHegat i ves.
Other edible fat-containing products which may contain the
5 nondigestible fat compositions of the present invention include ice cream,
_frozen desserts, cheese, cheese spreads, meats, meat analogs, chocolate
confections, salad dressings, mayonnaise, margarine, | spreads, sour cream,

yogurt, coffee creamer, peanut butter, extruded snacks such as corn curls, corn

puffs, pellet snacks, half products or other extruded snacks based on com or
10  other cereal grains such as wheat, rice and the like, roasted nuts and beverages

such as milkshakes. X .

Edible fat-coniaining products which can contain the nondigestible fat

composition of this invention include noncaloric or reduced calorie sweeteners

- alone or in combination with bulking agents. These noncaloric or reduced

15 calo: : sweeteners include, but are not limited to, aspartame, sacchérin,
alitame, thaumatin, dihydrochalcones, acesulfame, and cyclamates.

Bulking or bodying agents which can be useful in edible fatcontaining
products containing the nondigestible fat compositions herein include partially
or wholly nondigestible carbohydrates, for example, polydextrose and cellulose

20 or cellulose derivatives, such as D, L-sugars, carboxymethylcellulose,
carboxyethylcellulose, hydroxypropylcellulose, methylcellulose, hydroxypropy!
methylcellulose, and microcrystalline cellulose. Other suitable bulking agents
include gums (hydrocolloids). starches, dextrins, fermented whey, tofu,

- maltodextrins, polyols, including sugar alcohols, e.g., sorbitol and mannitol,

25 and carbohydrates, e.g., lactose. '

The edible fat-containing products containing the nondigestible fat
compositions herein can also include dietary fibers. By "dietary fiber" is meant
complex carbohydrates resistant to digestion by mammalian enzymes, such as.
the carbohydrates found in plant cell walls and seaweed, and those produced by
30 microbial fermentation. Examples of these complex carbohydrates are brans,

celluloses, hemicelluloses, pectins, gums and mucilages, seaweed extract, and
biosynthetic gums. Sources of the cellulosic fiber include vegetables, fruits,
seeds, cereals, and man-made fibers (for example, by bacterial synthesis).
Commercial fibers such as purified plant cellulose, or cellulose flour, can:also
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©1987. H Specific Exanples 10 Preparation of t he njonkh gﬂcf ible fat
conpositions of the present invention is illustrated by the foll ow ng
exanpl es: Exanple | Solid Sucrose Pol yester Preparation 15 Betrerri-e-

Met hyl Ester Preparation
be used. Naturally occurring fibers can be used, such as psyllium ahd fibers

from whole citrus peel, citrus albedo, sugar beets, citrus pulp and vesicle
solids, apples, apricots, and watermelon rinds.
These dietary fibers can be in a crude or purified form. The dietary
5 * fiber used can be of a single type (e.g., cellulose), a composite dietary fiber
(e.g., citrus albedo fiber containing cellulose and pectin), or some combination
of fibers (e.g., cellulose and a gum). The fibers can be processed by methods
known to the art.
The nondigestible fat compositions of the present invention can also be

10 fortified with vitamins and minerals, particularly the fat-soluble vitamins. The
fat-soluble vitamins include vitamin A, vitamin D, and vitamin E and their
precursors. (See Mattson; U.S. Patent 4,034,083; Issued July 5, 1977, herein
incorporated by reference which discloses fat-soluble vitamins useful in
fortifying polyol fatty acid polyesters.)

15 Various other ingredients typically present in fat products can also be
included in the nondigestible fats of the present invention. these other
ingredients include stabilizers to help protect against oxidative deterioration at
high temperatures. Silicone oils, particularly methyl and ethyl silicone oils, are
useful for this purpose. Methyl silicones have also proven effective in reducing

20  the rate of oil polymerization during frying. Other additives typically included
in fat products such as minor amounts of optional flavorings, emulsifiers, anti-
spattering agents, anti-sticking agents, anti-oxidants, or the like can also be

present. ‘
F. Alternate Utility for the Diversely Esterified Solid Polyol Polyester
25 Particles

It has been found that the diversely esterified solid polyol polyester
particles useful as oil loss control agents in the nondigestible fat compositions
herein are also effective for use as thickening agents in conventional digestible
triglyceride oils or oil-containing products. Accordingly, these solid polyol
30 polyester particles can be used as “thickening agents” or "hardstocks" by

blending them in amounts of about 1% to about 20% (preferably from about
1% to about 15%, more preferably from about 1% to about 10%, most '
preferably from about 1% to about 8%) with liquid digestible oils in the
formulation of cooking and salad oils or semi-solid food products such as




Behenic methyl esters are prepared from about 870 grans of hydrogenat ed
ht gh eruci c rapeseed oil, about 174 grans of nethanol, ar ! 122
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take-of f, and bottomoutlet. The m xture ig,reacted at about 65[err f of
approximately 1.5 hours, while refluxing the nethanol. The agrtat+en—-s
stopped, and the glycerin by-product fromthe rapeseed oll_is allowed to

settle for about 30 minutes. The glycerin settles to the bottomof the
reactor, and is 25 renoved through the bottomoutlet. About 30 additional

grams of nethanol, sh i %twe‘ﬁa%omeamdtﬁmm\ummmﬂh@emsahwdmat(25%In
nmet hanol ) are added,to Ss reactor

9 ri n IEQ rtoure d{ ;ﬁt ed at :
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A number of parameters used to characterize elements of the present
invention are to be quantified by particular experimental analytical procedures.
Each of these procedures is described in detail as follows:

10 1. Fatty Acid:Composition of Polyol Polyesters

The fatty acid- composition (FAC) of the polyol polyesters is
determined by gas chromatography, using a Hewlett-Packard Model S712A
gas chromatograph equipped with a flame ionization detector and a Hewlett-
Packard Model 7671A automatic sampler. The chromatographic method used

15 s described in Official Methods and Recommended Practices of the American
Oil Chemists Society, 4th Ed., 1989, Procedure 1-Ce62 (incorporated herein
by reference).

2. Ester Distribution of Sucrose Polyesters
The relative distribution of the individual octa-, hepta-, hexa- and

20 ~ penta- esters, as well as collectively the tetra- through mono- esters, of the
sucrose polyesters can be determined using normal-phase high performance
liquid chromatography (HPLC). A silica gel-packed column is used in this
method to separate the polyester sample into the respective ester groupings
noted above. Hexane and methyl-t-butyl ether are used as the mobile phase

25  solvents. The ester groupings are quantitated using a mass detector (i.e. an
evaporative light-scattering detector). The detector response is measured and
then normalized to 100% The individual ester groups are expressed as a

relative percentage.



r.esi dual water and nmethanol are evaporated. The vacuumis broken, and a
fractionation colum is added to the reactor. The reactor
about -28- 170-200[ err] C under a vacuum of about O. 3-13&%@%‘}@%&““‘
Approxi mately 50% of the first material to evaporate fronthe colum is
col l ected and di scarded. The next 40% (approxi mately) of {hp 2dt &P o
evaporate fromthe colum is collected a&-product. This pfofluct is
approxi mately 92% by wei ght nmethyl 5 behenate. Sucrose Epterrfication
About 21.2 grans of nethyl o-toluate (Al drich Chemi cal Cohpany) are mixed
with about 366.2 grams of the behenic nmethyl esters. The nolar ratio of
toluic to behenic i ab% [
m xture 10 are m xed" i n=c2RPE Ef ' ' ey SRR

of powdered sucrose, abMﬁas&dd@'_ﬁrrs of powder ed pot assi um st ear ate and

about. 1.4 grans Before determining the SFC values, a sample of the nondigestible fat is
heated to a temperature of 140°F (60°C) or higher for at least 30 minutes or

5 until the sample is completely melted. The melted sample is then tempered as
follows: at 80°F (26.7°C) for 15 minutes; at 32°F (0°C) for 15 minutes; at 80°
F (26.7°C) for 30 minutes; at 32°F (0°C) for 15 minutes. After tempering, the
SFC values of the sample at temperatures of 50°F (10°C), 70°F (21.1°C), 80°F
(26.7°C), 92°F (33.3°C), and 98.6°F (37°C) are determined by pulsed nuclear

10  magnetic resonance (PNMR) after equilibration for 30 minutes at each
temperature. The slope of the SFC profile in %solids/°F is calculated by
subtracting the SFC value at 70°F (21.1°C) from the SFC value at 98.6°F (37°
C) and then dividing by 28.6. The method for determining SFC values by
PNMR is described in J._ Amer. Oil Chem. Soc., Vol. 55 (1978), pp. 328-31

.15 (herein incorporated by reference, and A.0.C.S. Official Method Cd. 16-81,
Official Methods and Recommended Practices of The American Qil Chemists
Society, 4th. Ed., 1989, (herein inco‘rporate'd'by reference).

4.  Complete Melting Point of Polyol Polyesters by Differential
Scanning Calorimetry (DSC)

20 The complete mélting point of the polyol polyester material or polyol
polyester-containing particles used in this invention can be determined by DSC
as follows:

" Equipment:
- Perkin-Elmer 7 Series Thermal Analysis System, Model DSC7, manufactured

25 by Perkin-Elmer, Norwalk, CT. :

Procedure:
1.  Sample of polyol polyester material or polyol polyester-containing
- particles is heated to at least 10°C above the temperature at which all

visible solids are melted and mixed thoroughly.
30 2 10 + 2 mg of sample is weighed into sample pan.
3. Ascanis performed from about 10°C above the temperature at which all
visible solids are melted to -60°C at 5°C per minute.
4.  The temperature of the sample is maintained at -60°C for 3 minutes and
scanned from -60°C to the original starting temperature at 5°C per



of powdered potassium carbonate. The reactor has a heati 8E%ACFE@NT SHEET
t-hernoneter, tenperature controller, variable speed agitatgrf vacuum
take-of f, and bottomoutlet. The m xture is agitated and h¢a ngm\@@%
:35[err]C at about 15 15 nm Hg vacuum for about 1.5 hours fter abolUf™1.
hours, the vacuumis broken with nitrogen, and the remainihg
(approxi mately) of the nethyl ester m xt¥re, al ong with abput 1.4 grans of ‘
pot assi um carbonate are added to the reaction mxture. This mxture TS —t
reacted at about 135[err]C under about 0.5-5.8 mm Hg for about 5 hours. The
m xture is cooled to about 75[err]C, 20 ‘and about 30 grans of water are

added to the m xtur m xt | AL I Lars.and . centrifuged
(Fi scher Scientific _uygﬁ'el\’/atéaat%h@nm}&é%g%% ¥e§%§§a?ua+ %g%liﬁh ﬂgﬂﬂglﬁPM for
about 2 minutes. Theolids atginelted).t he jars is then decanted fromthe soap

| ayer at the bot onTRé cdriftett fielt-poidbBlhe mperive @ thé inkdrécdrian 6f helgad to the
decanted liquid, an S, St tes at

the m xture. i irred for about 30.25 L hu
about 75[err]C. Theﬁl'?ﬁ @f'lfp_‘émﬁclsjhetahfé%)”"htﬂéeﬁgﬁ t?W%Jaﬁﬁ?ﬁrﬁly'@edﬁﬁgtﬁ’eusi ng a
Buchner funngl . Theeﬁdomenam@eils_then fed through a Pope 2-inch-dianeter
wi ped filmevaporatgr afhigkresoes IBkH PolyoPlbolgdsiiPaniele (Licht Migbicbpy)t he
unreacted nethyl estears. .The evtaﬁ'oraﬁ.gr ?)p?ra‘ es at a Iout _.errh]eC under
about 0.05-0.08 nm e thickness of the solid polyol polyester particles formed"in t .
nondigestible fat compositions herein may be estimated at room temperature

with a Nikon Microphot video-enhanced light microscope (VELM) using
10 Hoffman Modulation Contrast (HMC) optics according to the following

method: -

1. A small portion (i.c., 1-10mg) of the nondigestible fat sample with the

solid pdlyol polyester. particles dispersed therein is placed on a
microscope slide and covered. The slide is placed under the microscope.

15 2.  The sample is examined using a HMC 100X oil objective as the standard
lens in conjunction with a 10X eyepiece lens..

3. A microscope-mounted video camera and associated controller are used
for video enhancement to facilitate differentiation between the sample
and the background.

20 4. The thickness of the solid polyol polyester particles is measured in um.
This method permits differentiation of particles having thicknesses just
within the resolution of the VELM (approximately 0.2-0.5 um). Particle
thickness of particles having smaller dimensions can be determined by the

Freeze Fracture Method described hereinafter.

25 (Note: No special sample preparation is required, other than obtaining a
represéntative sample. The samples should be melted and cooled ambiently.)
Reference: Robert Hoffman, "The Modulation Contrast Microscope:
-+ Principles and Performances", Journal of Microscopy, Vol. 110, Pt 3, August
1977, pp. 205-222. |
30 6.  Thickness of Solid Polyol Polyester Particle (Freeze Fracture

The three-dimensional topography of particles and their size can be
determined by a freeze-fracture transmission electron microscopy (ff-tem)
method.



Hg. The product is then collected fromthe evaporator and cool ed to anbi ent
30 tenperature. This solid sucrose polyester product has a conplete

nel ting point of 70.5[err]C (as neasured by DSC described in _the Anal ytlcal
Met hods section hereinafter) and is 99.0%esterified. Pre w3

Conposi t1on -29- Six grans of this solid sucrose polyes
94 granms of a liquid sucrose polyester, .pga which the sucr
substantially conpletely esterified with fatty acid groups

' 2.8t A 49940

oil, are m xed and heated until all the solids are dissol The m xture
Is then allowed to cool back to room5 tenperature at a frate of
33.3[err] F/ m nute. The cooling brings about crystallization of the solid

sucrose pol yest er ~ndthisrfregke-fractuteandtiadis cdrriedront as follostsel et - | i ke particl es
which are dis perlsed Thé ohtsRle chvityl of a'TRiR£h ) Etdikrs fMéd wit BYiEN, and the
inner dewar of the freezing container is filled with liquid ethane (normal
melting temperature of -172°C). The ethane is allowed to freeze.
5 2. A small amount (1-2 ul) of the nondigestible fat sample with the polyol
polyester particles dispersed therein is placed in the well of a gold-plated
Balzers speéimen holder. (Note: for very fluid samples, 1-2 ul of sample
is placed on a gold planchet (Balzers) and another planchet is placed on
top of the first to form a sandwich.) .
10 3. Most of the frozen ethane in the dewar is melted by inserting a metal
" heat sink (e.g., tweezers) into the dewar.

4.  Immediately after melting the ethane, the specimen holder containing the
nondigestible fat sample is picked up using a paxr of tweezers and rapidly
plunged into the liquid ethane.

15 5. After a few seconds, the specimen holder is removed from the ethane,
quickly touched to the tip of a camel's hair brush to remove excess
ethane, and immediately |mmersed in the liquid Ny to keep the sample
cold. _

6.  The sample is transferred under liquid N3 to a JEOL JFD-9000C sample

20 holder and then transferred into the chamber of a JEOL JFD-9000C
freeze-fracture unit. The temperature of the unit should be about -175°C.
Vacuum should be at least 8X10-7 torr.

7. Aknife is cooled to a temperature of about -165°C.

8.  The sample is fractured in the JEOL chamber using the pre-cooled knife.

25 9. Platinum-carbon is deposited onto the fractured sample at a 45° angle for
4.5 seconds, followed by carbon deposition at a 90° angie for 25 seconds
to form a replica of the fractured sample. The high voltage is 2500V and

- the current is 70 mA.
10.  The samples are removed from the freeze fracture unit and cleaned using
30 - 3 washes of chloroform.

11.  The replica is picked up on a 300 mesh copper EM grid and examined in
a transmission electron microscope.

12.  Images are recorded on negative film and positive prints are made from
the negatives.



1-is a photom crograph depicting the two dinensional, platelet-Ilike
structure of the solid polyol polyester particles. These !

particles have a 10 thickness of |ess than about 100 nm wm@ Q\TSHELT
Freeze Fracture Transm ssion El ectron M croscopy descri bed Rerei nbefore i

t he Anal ytti cal

Met hods section. The:fat conposition conprifsiind 8AdGwiggd

particles of sucrose polyester dispersedan the Iiquid sugrgse pol yester
has an SFC profile slope of -0.1 15 %olids/[err]F. ThejconpOoSTTIom TS

suitable for use as a food fat, and does not produce passie.0jl |0ss which

woul d otherwi se result if only liquid sucrose polyester is used as a food
fat. Also, since the level of solids in these fat conpositions is so | ow,
food products cor ai Thewickhess of thapolyolyolyester panticles is messatedi®nmaxy tasting.

20 The .abov

hdls.sucrose polyester and Iiquid sucrose polyester

have the attri butes shown I n Tabl e
Ras
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h, J.E. and Hudsorll C.S., Freeze Fracture: Methods, Artifacts, and
Interpretations, New Haven Press, New York, 1979.
Stolinski and Breathnach, Freeze Fracture Replication of Biological
Tissues, Academic Press, London, 1975.

Steinbrecht and Zierold, Cryotechniques in Bnologxcal Electron
Microscopy, Springer-Verlag, Berlin, 1987.

H. Specific Examples
Preparation of the nondigestible fat compositions of the present
invention is 1liustrated by the followmg examples:

Example I
Solid Sucrose Polyester Preparation

Behenic Methyl Ester Preparaiion
Behenic methyl esters are prepared from about 870 grams of

hydrogenated high erucic rapeseed oil, about 174 grams of methanol, and
about 12.2 grams of sodium methoxide solution (25% in methanol) are added
to a 'spherical 3-liter glass reactor. The reactor has a heating mantle,
thermometer, temperature controller, reflux condenser, variable speed agitator,
vacuum take-off, and bottom outlet. The mixture is reacted at about 65°C for
approximately 1.5 hours, while refluxing the methanol. The agitation is

" stopped, and the glycerin by-product from the rapeseed oil is allowed to séttle

for about 30 minutes. The glycerin settles to the bottom of the reactor, and is
removed through the bottom outlet. About 30 additional grams of methanol,
and about 5.2 grams of sodium methoxide solution (25% in methanol) are
added to the glass reactor, and the mixture is reacted at about 65°C for about
30 minutes. The agitation is stopped, the glycerin is allowed to settle for about
30 minutes, and is removed through the bottom outlet. About 100 grams of
water are added to the mixture, stirred allowed to settle, and removed through
the bottom outlet. The water-washing procedure is repeated two more times.
The reflux condenser is removed, and vacuum is applied to the reactor, and the
residual water and methanol are evaporated. The vacuum is broken, and a
fractionation column is added to the reactor. The reactor is heated to about
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170-200°C under a vacuum of about 0.3-1.0 mm Hg. Approximately 50% of
the first material to evaporate from the column is collected and discarded. The
next 40% (approximately) of the material to evaporate from the column is
collected as product. This product is approximately 92% by weight methyl
behenate. '

About 21.2 grams of methyl o-toluate (Aldrich Chemical Company) are
mixed with about 366.2 grams of the behenic methyl esters. The molar ratio of

toluic to behenic is about 1:7. About 152.6 grams of this methyl ester mixture
are mixed in a I-liter glass reactor along with about 34.4 grams of powdered

sucrose, about 24 grams of powdered potassium stearate and about 1.4 grams
of powdered potassium carbonate. The reactor has a heating mantle,
thermometer, temperature controller, variable speed égitator, vacuum take-off,
and bottom outlet. The mixture is agitated and heated at about 135°C at about
15 mm Hg vacuum for about 1.5 hours. ‘After about 1.5 hours, the vacuum is
broken with nitrogen, and the remaining 234.8 grams (approximately) of the
methyl ester mixture, along with about 1.4 grams of potassium carbonate are
added to the reaction mixture. This mixture is reacted at about 135°C under
about 0.5-5.8 mm Hg for about 5 hours. The mixture is cooled to about 75°C,
and about 30 grams of water are added to the mixture. The mixture is
transferred to jars and centrifuged (Fischer Scientific Model Marathon 10K
Centrifuge) at about 2500 RPM for about 2 minutes. The liquid in the jars is
then decanted from the soap layer at. the bottom of the jars. About 5 grams of
silica are added to the decanted liquid, and the mixture is stirred for about 30
minutes at about 75°C. The mixture is then filtered through filter paper using a
Buchner funnel. The filtrate is then fed through a Pope 2-inch diameter wiped
film evaporator at approximately 30 grams/hour to distill the unreacted methyl
esters. The evaporator operates at about 235°C under about 0.05-0.08 mm
Hg. The product is then collected from the evaporator and cooled to ambient
temperature.

This solid sucrose polyester product has a complete melting point of
70.5°C (as measured by DSC described in the Analytical Methods section
hereinafter) and is 99.0% esterified.

Preparation of Fat Composition

FATTY ACI D CONTEN SOLI D SUCROSE LIQUD S E T
PCOLYESTER % Cl[ err] IT SHEET
% 20,3 orr |RERLACEMENT SHE
6.2 CJerr] 37 .
0.2 s4.2 Qerr] | | 28 Ad19%.
. 1.8 -28- 0.3 (err]
- (err] - 0.1 Toluic
--- Qher - ' 0-9--ESFER
: 92.9 74. 6
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Sucrose Pol yester Preparation 5 About 15.0 grang ptT mernyl
3-net hyl benzoate (Al drich Chenical Conpany) are mixed Wth th)gg 3@5
grans of behenic nethyl esters described in exanple 1. Abput %
of this nethyl ester mxture are mxed inR2% 1-liter gl apst+reast
with 28.5 grans of powdered sucrose, about 20 granms of powdered potassium -
stearate and about 1.2 grans of 10 powdered potassium carponate—Tte
reaction is then run sim'larly to the reaction described in Exanple |. The

solid sucrose pol yest pr odu has..a conplete neltin int of 73.4[err]C
and is 99.2%.esterifi grﬁa% °E9Hi)6‘§idt§“85? P@%‘éﬁ‘%&?@#“’?&ﬁg 94 grams pha gr ans

of this solid suliquid aumoby golyesterprindwhith aimel sGdoser snsubsfantidlly completely

esterified with fatty acid groups of cottonseed oil, are mixed and heated until

all the solids are dissolved. The mixture is then allowed to cool back to room

5 temperature at a rate of 33.3°F/minute.  The cooling brings about

crystallization of the solid sucrose polyester material in the form of small,

platelet-like particles which are dispérsed in the liquid nondigestible oil. Figure

lisa photorhicrograph depicting the two dimensional, platelet-like structure of

the solid polyol polyester particles. These platelet-like particles have a

10 thickness of less than about 100 nm as measured by Freeze Fracture

Transmission Electron Microscopy described hereinbefore in the Analytical
Methods section.

The fat composition comprising the solid particles of sucrose polyester

dispersed in the liquid sucrose polyester has an SFC.profile slope of -0.1

15 %solids/°F. The composition is suitable for use as a food fat, and does not
produce passive oil loss which would otherwise result if only liquid sucrose
polyester is used as a food fat. Also, since the level of solids in these fat
compositions is so low, food products containing these fat compositions will
not be waxy tasting.

20 ~ The above solid sucrose polyester and liquid sucrose polyéster have the
attributes shown in Table I:



lLi qui d sucrose pol yester described in Exanple | ‘are nixed and heated unti |

all the solids are dissolved. The mxture is allowed to cool

The resulting fat conposition has an SFC|prgf! 3 =M}

and is suitable for use as a food fat. It does not prdg M@yfﬁgﬁgi

which 5 would result if the |liquid sucrose polyester were used al ong.
o]

t enper at ur e.

Al so, since the level of soelids in these &t conpositijons 28 At 199¢, 1o
products containing these fat conpositions will not bg¢ Waxy tasting. Th
above solid sucrose polyester has the attributes showp i Tapre Tt —Tab
Il 10 . .SOLI D SUCRCSE FATTY ACQL.D_COVPOSI TI ON
POLYESTER % Clerr] ([err] 0.1 (Jerr]
1.9 qerr]. - - Table I )
FATTY ACID CONTEN  SOLID SUCROSE LIQUID SUCROSE
' T POLYESTER % . POLYESTER %
Ci4 - 0.5
Cis 0.1 20.3
Cig . 20 6.2
Cis:1 ' - 373
Cis:2 0.2 342 .
Ci8:3 - 0.3
Cyxo - 7.8 03
" Co2 88.4 -
Ca4 0.1 :
Toluic 14 —
Other , - 0.9
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_Octa 929 74.6

Hepta 6.7 . 250

Hexa - 04 <0.1

Lower - <0.1
Example 11

Solid Sucrose Polxestef Preparation
About 15.0 grams of methyl 3-methylbenzoate (Aldrich Chemical

Company) are mixed with about 345.2 grams of behenic methyl esters
described in example 1. About 150.00 grams of this methyl ester mixture are
mixed in a l-liter glass reactor along with 28.5 grams of powdered sucrose,
about 20 grams of powdered potassium stearate and about 1.2 grams of

powdered potassium carbonate. The reaction is then run similarly to the

reaction described in Example I.

The solid sucrose polyester product has a complete melting point of
73.40C and is 99.2% estenified.
Fat Composition Preparation

Four grams of this solid sucrose polyester product and 96 grams of the

back to room
—30.1

0SS.
d

e



Cerr] 0.2 Cerr] ©-- (Jerr]
7:7 err] 88.8 Cerr] - 0.1 _Methyl

B ' 1.1 Oh : 0.1 E $374 y
Og?gm c er SIR@PEJWWBMT

94.2 Hepta 5. 3 x
0.5 Lower 0.0 Example Il Solid Sucroge Porg est.er
Preparati on About 8 grans of nethyl tricostanoate (Sigma e '%d?”' any)
are 15 m xed with about 42.0 granms of behenic nmethyl edters.described §n
exanple 1. About 25 grans of this nethyl ester m xture ar?e mxed in a '
100-m gl ass ' e m———

liquid sucrose polyester described in Example I are mixed and heated until all
the solids are dissolved. The mixture is allowed to cool back to room
temperature. The resulting fat composition has an SFC profile slope of -0.1
and is suitable for use as a food fat. It does not produce passive oil loss which
5. would result if the liquid sucrose polyester were used alone. Also, since the
level of solids in these fat compositions is so low, food products containing
~ these fat compositions will not be waxy tasting.
The above solid sucrose polyesier has the attributes shown in Table II.

Table IT
10 _ SOLID SUCROSE
FATTY ACID COMPOSITION POLYESTER % .
' Cisa -
Cis 0.1
Cis:0 1.9
Cis:1 : -
Cig2 = 0.2
Cig:3 -
Ca0 7.7
Co2 . 888
Cyg 0.1
Methyl Benzoic - 1.1
Other 0.1

Ester Distribution

Octa 942
Hepta 53
Hexa 0.5
’ Lower 0.0
- Example 111

Solid Sucrose Polyester Preparation
About 8 grams of methyl tricontanoate (Sigma Chemical Company) are

15  mixed with about 42.0 grams of behenic methyl esters described in example 1.
About 25 grams of this methyl ester mixture are mixed in a 100-ml glass



-32- reactor along with 4.7 granms of powdered sucrose, about 2.3 grams of
pet assi um stearate, and about 0.3 grans of powdered pojassitm-e& ]ST
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The reaction is then run simlarly to the reaction des gE e
The solid sucrose polyester product conprises about 68 ' ester. .5

Fat Conposition Preparation This solid sucrose pol yestgr may he,digeedet
with the |iquid nondigestible oil described .in Exanplel|l lat ?evel s as lo

as 2% to forma nondigestible fat conposition suitable |f dcuse-as—a-fovod
fat, which conposition does not produce passive oil |osls which would result
if the liquid nondigestible 10 oil were3ased al one. ExenptetV™NOrchip
pot at oes are used which have been sliced to a thickness of about 0.052
inches (0.13 cm. The sliced potatoes are fried in a 5 pound batch

reactor along with 4.7 grams of powdei'ed sucrose, about 2.3 grams of
potassium stearate, and about 0.3 grams of powdered potassium carbonate.
The reaction is then run similarly to the reaction described in Example 1.
The solid sucrose polyester product comprises about 68.7% octaester.
s Fat Composition Preparation
This solid sucrose polyéster may be blended with the liquid
nondigestible oil described in Example I at levels as low as 2% to form a
nondigestible fat composition suitable for use as a food fat, which composition
~ does not produce passive oil loss which would result if the liquid nondigestible
10  oil were used alone.
Example IV
‘Norchip potatoes are used which have been sliced to a thickness of
about 0.052 inches (0.13 cm). The sliced potatoes are fried in a 5 pound batch
fryer at a temperature of 365°F (185°C) for 3 minutes. Approximately 225
15  potato chips are fried in each of the the fat compositions of Examples 1, 11, and
I |
Ingestion of these potato chips which contain the nondigestible fat
compositions will not result in passive oil loss, and the potato chips are not
unacceptably waxy tasting.



fryer at a tenperature of 365[err]F (185[err]C) for 3 m nut es.
Approxi mately 225-45—potato Thips are fried in each of thgtire—tat

s contarn’t e MMM conpost €75ns " T ot} LAGHENT ST

oil loss, and the potat® chips dre“not- unacceptably waxy tjadti 8- Aug 9%3
WHAT IS CLAIMED | S 1. A nondi gestible fat conposition ys {' as a19
repl acenent for triglyceride fats or oils LggSf oods, which CU..pcs:t'nnq has
a Solid Fat Content profile slope between 70[err]F and 98j6[err]F of fromO
to -0.75%ol i dsymarr j$- coamkERfiseh conposition conprises: 5 A &

| i qui d nondi gestible oil having a conplete nelting point below 98.6[err]F;

A B ed"Tn 975t PAGORRELAPAE bofofifon fseRPh'Phep AP gtk 2
' fats or oils in foods, which composition is characterized by. a Solid Fat Content
profile slope between 21.1°C and 37°C of from 0 to about -1.26% solids/°C
and which composition comprises: |

A. - aliquid nondigestible oil having a co:hplete melting point below
37°C; and
B. nondigestible solid particles of polyol polyester material
dispersed in said oil in an amount sufficient to control passive
oil loss upon ingestion of said composition, said- nondigestible
solid particles having a complete melting point above 37°C,
* preferably above about 50°C, wherein the ester groups forming
said polyol polyester material consist essentially of
@) at least 15%, preferably at least 30%, more preferably
at least 50%, ester groups formed from Cp0-Cag,
preferably Cp2 saturated fatty acid radicals, and
(ii) other ester groups formed from fatty or other organic
acid radicals which are dissimilar to said long chain
saturated fatty acid radicals;
the molar ratio of said dissimilar radicals to said long chain
saturated fatty acid radicals ranging from 0.1:7.9 to 3:5,
preferably from 0.5:7.5 to 2:6 provided further that said
dissimilar radicals not consist solely of C2-C12 short chain fatty
acid radicals, C12 or higher long chain unsaturated fatty acid
radicals, or a combination of said short chain saturated or said
long chain unsaturated fatty acid radicals.

2. The nondigestible fat composition of Claim 1 which comprises from
“60% to 99%, preferably from 80% to 99% of a liquid nondigestible oil,
preferably a liquid sucrose fatty acid polyster, and from 1% to 40%,
preferably from 1% to 20% solid polyol polyester particles.

3. The nondigestible fat composition of Claim 2 wherein in the
nondigestible particles the polyol moiety of the solid polyol polyester material is
derived from a'sugar or sugar alcohol having from 6 to 8, preferably 8,
hydroxyl groups and wherein said particles have a thickness of 1 micron or less,
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said oil in an anmpunt sufficient to control passive oil |oss upon |ngest|on
of said COWOSIW@E)I ble solid particles }Q

having a conpl et oi N ve 98.6[err]F, wherei REPEA@EWN]@SEEE’F
form ng said pol 3m m gm rial consist essential by rot—try at )
[

| east 15% ester groups mC[err] Clerr] saturat d fa.té] &c
radicals, and (ii) other ester *groups formed fromfattytor é"f gnl

acid 15 : radi cal s whi ch™¥re dissinilar folsaid | ong chaln
saturated fatty acid radicals; the nolar ratio of said di ssi m | ar radicals
to said Iong ﬁﬂaﬁtaalyﬂnttﬂo?dxﬁﬂlésﬁtty acid radi cal s rangi ng *rom8—t—+-9—to6
3:5, provided further that said dissimlar radicals not consist solely of

qerr]-(err],short 'ﬁ%nondlgwﬂblt];fatcomﬁg gﬁ'ofgtaw:ie\ﬁieﬂm{ﬁ%@%;l Jerr] or

CJ

hi gher - | ong cha| n unsatura acl ctg i‘f o[ alﬁ nation of said
short chain sBlYpsist Baperiyl forming th 'éﬁﬂ?ﬁpﬂﬂg‘ ¢ dissimilar agid gadicalsy 1 44 cal s.
2. - A nondi gest iséléceedl dtonc Obaaexic,t iteluic Acaninabenmmict o ailnamethylbenimic,h conpri ses

from about 60RgdkSkyBeARsIL, Yahhik, Iaichid) RO Sbdrftinsnalhd, BHiShoddngR,2bOUL 1% tO

dichlorobenzoic, bromobenzoic, fluorobenzoic, acetylbenzoic, cumic,
phenylbenzoic, nicotinic, fluorene carbbxlylic, indole carboxylic, methyl
'stearic, isobutyric, isovaleric, tricontanoic, tricontenoic, cyclobutane
carboxylic, cyclopentane carboxylic, cyclohexane carboxylic, cyclohexane
acetic, ascorbic, abietic, polyacrylic, dimer fatty acid, chlorostearic,
chlorocaprylic, chloracetic, bromosteanc, bromocapryhc, bromoacetic,
aminocaprylic, aminostearic, benzoylbutyric, and phenylacetic radicals.

5. A food product comprising an edible substrate, preferably a potato chip
and from 10% to 100% of the nondigestible fat composition of Claim 1. '

6. A thickened digestible oil product comprising:

A. from 85% to 99% of a digestible edible oil; and-

B. from 1% to 15% particles of solid sucrose fatty acid polyester
material, said particles having a complete melting point above
37°C, wherein the ester groups forming said polyol polyester
material consist essentially of
D at least 15% ester groups formed from Cz0-Ca¢ long

chain saturated fatty acid radicals, and
(ii) other ester groups formed from fatty or other organic
acid radicals which are dissimilar to said long chain
saturated fatty acid radicals; the molar ratio of said
dissimilar acid radicals to said long chain saturated fatty '
acids ranging from 0.1:7.9 to 3:5, provided further that
"said dissimilar radicals not consist solely of C3-Cq2
- short chain fatty acid radicals, Cy2 or higher long chain
unsaturated fatty acid radicals, or a combination of said
short chain saturated and said long chain unsaturated
fatty acid radicals. '
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25 solid polyol polyester particles. 3. A nondi gestib
according to daim1l or 2 wherein in the polyol polyeste
the solid particles the nolar ration of dissimlar acid
chain saturated fatty acid radicals ranges from about O.
30 4. A nondi gestible fat conposition according to an
preceding clainms wherein in the nondigestible particles
pol yester material contains at |east about 30% of said
fatty acid radicals. - 34 - 5 A nondi gesti bl e fat

e fat conposition
r materlal form ng

according to Caim4 wherein in the nﬁgfigestible parti c
noi ety of the solid polyol polyester erial is derived
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“Ffroma. s
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conposi ti on acc Eﬁ@é@éﬁaﬁﬂl‘gﬁ& RPLYESTERS FOR FASSIVE OIL LOSS
CONTROL '
ABSTRACT

Nondigestible fat compositions useful as-a replacement for triglyceride fats

or oils in foods are disclosed. These compositions have relatively

flat Solid Fat

Content (SFC) profile slopes between typical room and body temperatures. The

nondigestible fat compositions comprise a liquid nondigestible oil and nondigestible

particles of solid polyol polyester material dispersed in the oil

in an amount

sufficient to control passive oil loss. The ester groups of the solid polyol polyester

material comprise: (i) at least about 15% ester groups formed from

Cao - Cys long

chain saturated fatty acid radicals, and (ii) ester groups formed from fatty or other

organic acid radicals which are dissimilar said long chain saturated fatty acid

radicals. The molar ratio of said dissimilar acid radicals to sai

id long chain

saturated fatty acid radicals ranges from about 0.1:7.9 to about 3:5. Moreover,

the dissimilar acid radicals cannot consist solely of C,-C,, short chain saturated

fatty acid radicals, Cy or higher long chain unsaturated fatty acid

radicals, or a

combination of said short chain saturated and said long chain unsaturated fatty acid

radicals.  Edible fat-containing products containing these nondigestible fat

compositions can be less waxy tasting due to the lower level of solids required for

passive oil loss control.

Figure 1
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claifs wherein the |liquid nondigestible oil is a liquid sucros t -
pol yéster. 7. A nondi gesti ble fat conposition according to ajyﬁgggﬁﬂﬂENﬁgﬂﬂﬁﬂ
preceding clainms wherein in the nondigestible particles the pojypl noiety

of the solid polyol polyester material is derived from sucrose ahd2®héﬂﬁﬂﬁ96
said solid polyol polyester 10 naterlal contains at | east abolt] 50% | ong
chain saturated fatty acid radicals. 8. A nondi gestible fat gonposition-
according to any one of the preceding clgtps having a Sol id Fat_Content
profile slope between 70[err]F and 98. 6] F of fromO0 to about-0.5
%olids/[err]F. 9. A nondi gestible fat conposition according to any one

of the preceding 15 clainms wherein in the polyol polyester material
form ng the nondigestible particles the long chain saturated fatty acid

radi cal s consist essentially of behenic acid radicals. 10. A nondigestible
fat conposition according to Claim9 wherein in the polyol polyester
material formng the nondigestible particles the dissimlar acid radicals
20 are selected from benzoic, toluic, am nobenzoic, am nonethyl benzoic,
hydr oxybenzoic, vanillic, salicylic, anisic, acetyl mandelic, chlorobenzoic,
di chl orobenzoi c, bronobenzoic, fluorobenzoic, acetylbenzoic, cumc,

.




ptheny! benzoi g nicotinic, fl uorenet car bo;d ylic, j[n_dol et C ACEWQ
stearlg, iso ut—yH—e——l—se%m—eH—c—- ri contanoic, tricontefL _
carboxylic, 25 oxylic, cycl cohexane carb xyI i C,

cycl ohexane acet ﬂmﬁmm"lmmmﬁet ic, poI yacrylic, diner] flat2@ peuﬁ 4899
chlorostearic, chiorécaprWi ¢, ¢hloracetiyg,. bronostearic,| |[bronocaprylic,
bronpacetic, amnocaprylic, amnostearic, benzoylbutyrii,*=ard

phenyl acetic radicals. 11. A nondigestible fat conmpositijpn according. tao
any one of theWpAEClelogABchtsu nms whi ch conprises from about 80%to 99%
liqui d nondigestible oil and from about 1% to about 20% of the solid pol yol
pol yest er partt cl e nondigestipie fat eompositianoyseful as eireplaceraent dertriglgeariderfats s ef ul
as a repl ace r Qsi tion
nas o ool 1" Fat ol ftionle. UKRERIBhShit o SolFEp i Do BB, BRFRRR 1
fromO to -0. 3Eahd eslﬁrlépﬁ]nﬁn&Hd -Mﬁ%holds?ﬁ)am Whloncomppslimeenmdhses from

0, 0,
85%to _99 /Og lquid igcroas ‘ﬁqungt ﬂ)lg “yﬁ S\}Tr?gr a complete melting point below
98.6°F; and

B. nondigestible solid particles of polyol polyester material dispersed in

.
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—h

said oil in an amount sufficient to control passive oil loss upon
ingestion of said composition, said nondigestible solid particles
10 | having a complete meltihg point above 98.6°F, wherein the ester
groups forming said polyol polyester material consist essentially of
(i) at least 15% ester groups formed from C,4-C, saturated fatty
acid radicals, and
(i)  other ester groups formed from fatty or other organic acid
15 radicals which are dissimilar to said long chain saturated fatty
acid radicals;
the molar ratio of said dissimilar radicals to said long chain
saturated fatty acid radicals ranging from 0.1:7.9 to 3:5, provided
further that said dissimilar radicals not consist solely of C,-C,, short
20 chain fatty acid radicals, C,, or higher long chain unsaturated fatty
acid radicals, or a combination of said short chain saturated or said
long chain unsaturated fatty acid radicals.
2. A nondigestible fat composition according to Claim 1 which comprises from
about 60% to about 99% liquid nondigestible oil and from about 1% to about 40%
25 solid polyol polyester patticles.
3. A nondigestible fat composition according to Claim 1 or 2 wherein in the
polyol polyester material forming the solid particles the molar ration of dissimilar
* acid radicals to long chain saturated fatty acid radicals ranges from about 0.5:7.5
to about 2:6.
30 4. A nondigestible fat composition according to any one of the preceding
claims wherein in the nondigestible particles the solid polyol polyester material

contains at least about 30% of said long chain saturated fatty acid radicals.
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| ong’ chai n unsamgrah@a.dfpcarﬁae%véarta@kﬁa;ss)n%qcmaanesg\ nondi gest i bl e fat
conposition according to Caim1l12 wherein the solid particles have a

t hi ckness ofS | &ss tﬁaﬁo@qesﬁblgrfgh composition according to any one of the preceding
claims wherein the liquid nondigestible oil is a liquid sucrose fatty acid polyester.

7. A nondigestible fat composition according to any one of the preceding
claims wherein in the nondigestible particles the polyol moiety of the solid polyol
polyeéter material is derived from sucrose and wherein said solid polyol polyester
10 material contains at least about 50% long chain saturated fatty acid radicals.
8. A nondigestible fat composition according to any one of the preceding
claims having a Solid Fat Content profile slope between 70°F and 98.6°F of from
0 to about-0.5 %solids/°F.
9. A nondigestible fat composition according to any one of the preceding
15 claims wherein in the polyol polyester material forming the nondigestible particles
the long chain saturated fatty acid radicals consist essentially of behenic acid
radicals.
10. A nondigestible fat composition according to Claim 9 wherein in the polyol
polyester material forming the nondigestible particles the dissimilar acid radicals
20 are selected from benzoic, toluic, aminobenzoic, aminomethylbenzoic,
hydroxybenzoic. vanillic, salicylic, anisic, acetylmandelic, chlorobenzoic,
dichlorobenzoic, bromobenzoic, fluorobenzoic, acetylbenzoic, cumic,
phenyibenzoic, nicotinic, fluorene carboxlylic, indole carboxylic, methyl stearic,
isobutyric, isovaleric, tricontanoic, tricontenoic, cyclobutane carboxylic,
25 cyclopentane carboxylic, cyclcohexane carboxylic, cyclohexane acetic, ascobric,
abietic, polyacrylic, dimer fatty acid, chlawstearie, chlorocaprylic, chloracetic,
bromostearic, bromocaprylic, bromoacetic, aminocaprylic, aminostearic,
benzoylbutyric, and phenylacetic radicals.
11. A nondigestible fat composition according to any one of the preceding
30 claims which comprises from about 80% to 99% liquid nondigestible oil arid from

about 1% to about 20% of the solid polyol polyester particles.
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A. from 85% to 99% liquid sucrose fatty acid polyester; and
B. from 1% to 15% particles of solid sucrose fatty acid polyester
material, said particles having a complete melting point above
98.6°F, wherein the ester groups forming said polyester material
consist essentially of
(i)  at least 80% ester groups formed from C,-Cy6 long chain
saturated fatty acid radicals, and
(i)  other ester groups formed from fatty or other organic acid
radicals which are dissimilar to said long chain saturated fatty
acid radicals; '
the molar ratio of said dissimilar acid radicals to said long chain saturated
fatty acid radicals ranging from 1:7 to 1.5:6.5; provided further that said
dissimilar radicals not consist solely of C,-C,, short chain saturéted fafty
acid radicals, Cy, or higher long chain unsaturated fafty acid radicals, or a
combination of said short chain saturated or said long chain unsaturated
fatty acid radicals.
13. A nondigestible fat composition according to Claim 12 wherein the solid
particles have a thickness of less than 0.1 micron.
14. A nondigestible fat composition according to Claim 12 or 13 having a Solid
Fat Content profile slope between 70°F and 98.6°F of from 0 to about -0.1
%solids/°F. |
15. A nondigestible fat composition according to any one of Claims 12 to 14
wherein the nondigestible solid particles have a complete melting point above
about 122°F.
16. A nondigestible fat composition useful as a replacement for triglyceride fats
or oils in foods, which compositiori has a Solid Fat Content profile slope between
70°F and 98.6°F of from 0 to -0.75% solids/°F and which composition comprises:
A a liquid nondigestible oil having a cbmplete melting point below

98.6°F: and

F of fromO to -0.75%solids/[err[F and
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() at least 15% ester groups formed from C,,-Co4 saturated fatty
acid radicals, and _
(i)  other ester groups formed from fatty or other organic acid
radicals which are dissimilar to said long chain saturated fatty
10 acid radicals, wherein the dissimilar acid radicals are selected
from aromatic substituted or unsubstituted acid radicals, ultra-
long chain saturated or unsaturated acid radicals, branched
cyclic substituted or unsubstituted acid radicals, polymeric
ester-forming radicals or alkyl chain radicals with functional
15 groups attached thereto;
the molar of said dissimilar radicals to said long chain
saturated fatty acid radicals ranging from 0.1:7.9 to 3:5.
17. A food product comprising an edible substrate and from 10% to 100%of
the nondigestible fat composition of Claim 1.
20 18. A food product according to Claim 16 wherein the edible substrate is a
potato chip. "
19. A thickened digestible oil product comprising:
A. from 85% to 99% of a digestible edible oil; and
~ B, from 1% to 15% particles of solid sucrose fatty acid polyester
25 material, said particles having a complete melting point above 98.6°F, wherein
the ester groups forming said polyol polyester material consist essentially of
@ at least 15% ester groups formed from C,4-Co6 long chain
saturated fatty acid radicals, and '
(i)  other ester groups formed from fatty or other organic acid
30 radicals which are dissimilar to said long chain saturated
fatty acid radicals; the molar ratio of said dissimilar acid

radicals to said long chain saturated fatty acids rahging from
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from -37- or higher long chain unsaturated fatty acid radicals, or a

combination of said short chain saturated and said long chain
5 unsaturated fatty acid radicals.
20. A nondigestible fat composition according to Claim 1, 12 or 16 as
substantially hereinbefore described with reference to any one of the examples.
21. A thickened digestible oil product according to Claim 19 as substantially
hereinbefore descrfbed with reference to any one of the examples.

10
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NONDIGESTIBLE FAT COMPOSITIONS CONTAINING DIVERSELY
ESTERIFIED POLYOL POLYESTERS FOR PASSIVE OIL LOSS
CONTROL

ABSTRACT

Nondigestible fat compositicw useful as a replacement for triglyceride fats
or oils in foods are disclosed. These compositions have relatively flat Solid Fat
Content (SFC) profile slopes between typical room and body temperatures. The
nondigestible fat compbsitioils comprise a liquid nondigestible oil and nondigestible
particles of solid polyol polyester material dispersed in the oil in an amount
sufficient to cohtrol passive oil loss. The ester groups of the solid polyol polyester
material comprise: (i) at least about 15% ester groups formed from C,, - C,; long
chain saturated fatty acid radicals, and (ii) ester groups formed from fatty or other
organic acid radicals which are dissimilar said long chain saturated fatty acid

radicals. The molar ratio of said dissimilar acid radicals to said long chain

- saturated fatty acid radicals ranges from about 0.1:7.9 to about 3:5. Moreover,

the dissimilar acid radicals cannot consist solely of C,-C,, short chain saturated
fatty acid radicals, C,, or higher long chain unsaturated fatty acid radicals, or a
combiqation of said short chain saturated and said long chain unsaturated fatty acid
radicals. Edible fat-containing products containing these nondigestible fat
compositions can be less waxy tasting due to the lower level of solids required for

passive oil loss control.

Figure 1

éd with reference to any one of the



