Office de la Proprieté Canadian CA 2140190 C 2006/11/28

IdnLJ:eCI!Zﬁt:ﬂe g;f?(lzlzctual ropery (11)(21) 2 1 40 1 90
Uln organisme An agency of (12) BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT
13) G
(22) Date de dépét/Filing Date: 1995/01/13 (51) CLInt./Int.Cl. Co7C 69/52 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 1995/07/15 C07C 67/62(2000.01), CO7C 67/08(2006.01),

Cor7C 69/30(2006.01)
(45) Date de délivrance/lssue Date: 2006/11/28 _
(72) Inventeurs/Inventors:
(30) Priorité/Priority: 1994/01/14 (US08/182,267) SEKULA, BERNARD C.. US:

ZIEGERT, THADDEUS R., US;
FERENZ, MICHAEL R., US

(73) Proprietaires/Owners:
CPC INTERNATIONAL INC., US:
ARCO CHEMICAL TECHNOLOGY, L.P., US

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : PROCEDE D'OBTENTION DE POLYOLS ALKOXYLES ET ESTERIFIES DONT LA STABILITE EST
AMELIOREE

(54) Title: PROCESS FOR PRODUCING ESTERIFIED ALKOXYLATED POLYOLS WITH IMPROVED STABILITY

(57) Abréegée/Abstract:

Esterified alkoxylated polyols, particularly a fatty acid-esterified propoxylated glycerol, which exhibit improved flavor and oxidative
stability by the addition of antioxidants to the alkoxylated polyols, either prior to or subsequent to steam stripping, fatty acids or
combinations thereof prior to fatty acid esterification, and the products thereof.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




2140130

ABSTRACT

Esterified alkoxylated polyols, particularly a fatty
acid-esterified propoxylated glycerol, which exhibit improved
flavor and oxidative stability by the addition of antioxidants
to the alkoxylated polyols, either prior to or subsequent to
steam gtripping, fatty acids or combinations thereof prior to

fatty acid esterification, and the products thereof.
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PROCESS FOR PRODUCING
ESTERIFIED ALKOXYLATED POLYOLS

WITH IMPROVED STABILITY

Field of the Invention

This invention relates to reduced calorie fat
substitutes which exhibit improved oxidative stability and
flavor stability. More specifically, the invention pertains to
esterified alkoxylated polyols as fat substitutes particularly .a
fatty acid-esterified propoxylated glycerol composition (EPG),
wherein antioxidants have been added to the polyols and/or the
fatty acids prior to their use in synthesis of fat substitutes,

resulting in fat substitutes with superior stability.

Related Art

The quality of fats and oils deteriorates with time as
a result of hydrolysis or oxidation. To reduce the potential
for deterioration, steps are taken throughout oil recovery

and processing to eliminate or minimize factors which catalyze
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hydrolysis or oxidation. These steps include the elimination or
reduction of harmful microorganisms, the preservation o0f natural
antioxidants in oils, the removal of heavy metals, pigments and
other pro-oxidants and the exclusion of oxygen during processing
and water during storage. The same or similar deterioration
issues must also be addressed when producing fat or oil based

fat substitutes.

s -

Naturally occurring fats and oils contain
characteristic antioxidants. In vegetable o0ils, these
substances appear to protect the oil from degradation or
deterioration during the normal life of the parent seed or
fruit. The greater stability of vegetable oils to oxidative
deterioration, as compared to animal fats, is generally
attributable £o their higher content of antioxidants.
Unfortunately, antioxidants are, at least partiélly, removed
from natural fats and oils during processing; particularly
during steam stripping and deodorization. Commercially
available natural and sythetic antioxidants can be added to
finished o0ils to further protect them against oxidative
degradation. Examples of commercially available antioxidants

are ''natural" tocopherols, propyl gallate, butylated

hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tert-

butylhydroguinone (TBHQ).
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Although naturally occurring fats and oils contain
characteristic antioxidants which combat deterioration,
particularly oxidation, many attempts have been made to enhance

the natural antioxidants and to make fats, oils and fat

substitutes more resistance to oxidation.

In U.S. Patent No. 4,973,681, a process is disclosed
andfcl;imed for increasing the stability of a polyol fatty acid
polyester, particularly with respect to oxidation. The process
requires contacting a polyol fatty acid polyester esterified to
an extent of at least 40% with a polybasic oxy acid and
separating the polyol fatty acid polyester from the polybasic
OXy acid to obtain a polyol fatty acid polyester stabilized

against oxidation.

A similar process is disclosed in Japénese Patent No.
Sho-47-87709(A), wherein a fat or oil is treated with a
polybasic oxy acid to remove a trace amount of metal catalyst
which had been employed during hydrogenation. The treatment is
carried out for the purpose of restraining oxidation when the

fat or oil is exposed to air.

In U.S. Patent No. 5,064,677, edible fat containing
products are disclosed which contain at least 5% of hardstock
indigestible polyol fatty acid polyesters. These products are
Characterized by an improved combination of properties,
particularly with regard to thermal stability and storage

temperature cycle stability.
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The present invention relates to a process which
increases the stability of esterified alkoxylated polyols,

particularly fatty acid-esterified propoxylated glycerol,

through the addition of antioxidants to the components prior to
the synthesis thereof. It has been surprisingly found that the
addition of antioxidants during the synthesis of fat substitutes

comprising fatty acid-esterified propoxylated glycerols produces

-

final products with improved oxidative and flavor stability. It

is believed that addition of the antioxidants during the earlier
stages of synthesis allows their protective effects to be

exhibited earlier by safeguarding the oils against degradation

during their actual production.

Description of the Drawings

Fig. 1 1s a flow chart showing the experimental design

followed in Examples 1 and 2.

Fig. 2 is the chromatograph of the results of a

headspace GC relative to Example 3.

Fig. 3 1s the chromatograph of the results of a

headspace GC relative to Example 4.
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Summary of the Invention

Disclosed and claimed in U.S. Patent No. 4,861,613 to
Arco Chemical Technology, Inc., are esterified alkoxylated
polyols, particularly esterified propoxylated glycerol (EPG), as
non-digestible non-caloric fat substitutes which exhibit good
organoleptic characteristics. However, these esterified
alk;xfiated polyols are similar to naturally occurring fats and
0ils in that they are sensitive to various physical elements,
such as heat and light. When exposed to heat and light these
polyols, including EPG, may experience both physical and
chemical changes, such as oxidation, which result in odors, off

color, and off flavors.

The present invention relates to fat substitutes, such
as esterified alkoxylated polyols, particularly'EPG, which
exhibit improved oxidative and flavor stability. 1In particular,
it has been found that the oxidative and flavor stabilities of
esterified propoxylated glycerol are improved through the
addition of antioxidants during glycerol alkoxylation and/or
alkoxylated polyol esterification. It has been found that the
esterified alkoxylated polyols, particularly EPG, synthesized in
the presence of antioxidants yield a higher quality finished oil
upon completion of the full processing sequence than an oil
produced in the absence of antioxidants but having equivalent
levels of antioxidants added following processing. This is

contrary to traditional processing methods wherein antioxidants
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are added to oils or fats after processing has been completed

but before the fats and oils are stored.

Detaxlled Description

The present i1nvention provides for the synthesis of
esterified alkoxylated polyols in the presence of antioxidants
to produce a finished product of higher quality which exhibits
improved flavor and/or oxidative stability. Specifically, in
the case of EPG, it has been found that the addition of

antloxidants to its components prior to or during synthesis

results in a product which has improved oxidative stability and
flavor stability. The antioxidants can be added to the
propoxylated polyols, the fatty acids or to both prior to their
use 1n the synthesis process. This is contrary to the processes
used for production of so-called “natural” oils and fats, and

other fat substitutes wherein antioxidants are added to the

fats and oils after processing has been completed.

Set forth in U.S. Patent No. 4,983,329 is the teaching of
the preparation of esterified propoxylated glycerol (EPG) by
reacting propoxylated glycerol having from 2 to 100 oxypropyl-
ene oxlde units per glycerin and having a molecular weight of

from about 200 to about 5900, with an excess of a saturated or

unsaturated Cl0 to C24 fatty acid or mixtures thereof, at

temperatures of from about 100°C to about 250°C. Illustrative
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of such Cl0 to C24 fatty acids which may be employed include,
tor example, the saturated acids, such as capric, lauric,
myristic, pentadecanoic, palmitic, heptadecanoic, stearic,
nonadecanoic, n-eicosanoic, n-docosanoic and n-tetracosanoic.
Unsaturated acids which may be employed include dodecylenic,
palmitoleic, oleic, linoleic, linolenic, eicosenoic,
arachidonic, docosahexaenoic and selacholeic. The fatty acids
maywbe-naturally occuring or synthetically produced. Similarly,
mixtures of fatty acids may be used including those mixtures
obtained by splitting natural or modified triglycerides, such as
babassu o0il, canola oil, cocoa butter, coconut o0il, corn oil,
cottonseed 0il, jojoba o0il, lard, meadowfoam o0il, menhaden o0il,
olive oil, palm oil, palm kernel oil, peanut oil, rapeseed o0il,
rice bran oil, safflower o0il, sesame seed 0il, soybean oil,
sunflower oil and tallow, or fully or partially hydrogenated
mixtures thereof. Soya fatty acids which contain predominantly
palmitic (9.8%), stearic (2.4%), oleic (28.9%), linoleic (50.7%)
and linolenic (6.5%) along with minor amounts of lauric,

myristic, arachidic, palmitoleic and behenic acid may also be

employed in the present invention.

The reactive steps in the production of EPG, i.e.
propoxylation of the glycerol, and esterification of the
propoxylated glycerol with an excess of saturated or unsaturated
fatty acids, may be carried out in any suitable reactor which is
generally equipped with a means for agitation and a means for

regulating temperature and pressure. The reaction may be

carried out as a batch or a continuous process.

- 7 -
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In accordance with the present invention, the antioxidants
are added to the individual components of EPG, instead of to
the finished product. Therefore, the antioxidants can be added
to either the polyols, such as propoxylated glycerol, or the

O fatty acid, or both, prior to reacting. The antioxidants should
be added at total levels up to about 1.0% by weight, preferably

from about 0.05 to about 0.2% by weight.

The antioxidants can be added to the polyols at wvarious

10 stages throughout the process. The first stage at which the
antioxidant can be added is to the crude propoxylated glycerol
prior to catalyst removal or steam stripping. Catalyst removal
can be accomplished via magnesol™ treatment, acid addition, 1on
exchange or other suitable processes known in the art. Steam

15 stripping is used to remove light by-products from the
propoxylated glycerol. By adding the antioxidants to the
propoxylated polyol, the formation of light by-products is
greatly reduced, thereby reducing the amount of steam stripping
required. Despite the fact that much of the antioxidant is

20 removed during steam stripping, the resultant product exhibits

increased stability against oxidation and off-flavors.

An alternate embodiment provides for the addition of the
antioxidants to the propoxylated polyol subsequent to steam

25 stripping but prior to esterification with fatty acids. This

procedure will also result in a final product which exhibits

increased stability. A third alternative is a process whereby

the antioxidants are directly added to the fatty acids prior to



2140130

esterification, instead of being added to the propoxylated
polycl. This method also results in an esterified propoxylated
polyol which exhibits the desired improvements in flavor

stability and oxidative stability. Alternately, antioxidants
can be added to combinations of both the fatty acids and the
propoxylated polyols, whether crude or stripped, which will also
result in este:ified propoxylated polyols which exhibit the
degir;d beneficial results. It should be noted, however, that
the point of addition of the antioxidants has no effect on the
processing of the esterified alkoxylated polyol, such as fatty
acid-esterified, propoxylated glycerol, and despite some losses
of antioxidant during procéssing, products which exhibit higher

levels of stability than those resulting from standard

processing ultimately result.

The preferred antioxidants are so-called "natural"
antioxidants, but synthetic antioxidants, such as butylated
hydroxygoluene (BHT), butylated hydroxyanisole (BHA), tertiary-?
butylhydroquinone (TBHQ) or propyl gallates, may also be
employed. Natural antioxidants include tocopherols, various
cereal and seed extracts, such as extracts from sesame and oats,
phospholipids, organic acids, and proteins. However, the most
widely known and most likely used in crude or refined vegetable

©ils are tocopherols. The tocopherols most commonly used are
actually mixtures of four tocopherols; a; R: vy and ¢. It has

been customary in recent years to supplement natural

antioxidants with the synthetic antioxidants, reducing or
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chelating agents, such as L-ascorbyl palmitate, erythorbic acid,
citric acid or EDTA, with some indications of synergistic
effects from the combination. In the present invention, it is
acceptable to use either the natural antioxidants, particularly

tocopherols, alone or in combination with synthetic antioxidants

or the reducing or chelating agents. It is, of course, also

acceptable to use synthetic antioxidants alone, i.e. not

- L 8

combined with any natural antioxidants.

The inclusion of the antioxidants during synthesis
results in a lower peroxide value (PV), which is a measure of
the amount of peroxides present expressed as milli-equivalents
of peroxide-oxygen per kilogram of fat. Peroxides,
particularly, hydroperoxides, are relatively unstable compounds
which act as precursors for the formation of a wide variety of
degraded compounds, which are responsible for off-flavor. By
"mopping up" free peroxide radicals, antioxidants, such as
tocopherols, interrupt the free radical chain of oxidative

reactions and assist greatly in the delay of the development of

off-flavors.

The addition of antioxidants during synthesis also
results in a lower anisidine value (AV). This test determines
the level of secondary oxidation products, primarily aldehydes
(such as 2-alkenals and 2,4-dienals) that are present in an oil.
The anisidine value is defined as one hundred (100) times the
absorbance of a solution resulting from the reaction of 1 gram

- of o0il or fat in 100 ml of a mixture of solvent and p-anisidine,

...10....
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measured in a 1 cm cell at 350 mm under the conditions of the
test. This value is often used in conjunction with the PV to

calculate a total oxidation value, or oxi-index (PV/3+AV). The
anisidine test has been adopted by many within the oil industry

as a standard method for determination of secondary oxidation

products in an oil.

Another surprising result of the addition of the
antioxidants prior to or during synthesis of esterified
alkoxylated polyols, particularly fatty acid-esterified
propoxylated glycerol, is that the improved flavor stability and
oxidative stability is apparent despite the loss of antioxidant
during synthesis and processing. Analysis indicates that less
than 10% of the original amount of antioxidants, added prior to
fatty acid esterification remain in the finished product,
particularly in the case of tocopherols. Additional analysis
shows minimal presence of tocopherol esters. Thus, it is
believed that the majority of the tocopherols added as
antioxidants are stripped from the o0il during its synthesis and
subsequent processing. It is also found that the addition of
antioxidants after processing does not result in a product which

exhibits the same peroxide or anisidine values.
The following examples are meant to be illustrative

and are not meant to be a limitation of the invention, the metes

and bounds of which are set forth in the claims.
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Example 1

One batch of esterified propoxylated glycerol (EPG-
1) was synthesized in accordance with the process
disclosed 1in U.S. Patent No. 4,983,329. EPG-1 was
synthesized in the presence of 1200 ppm of mixed
tocopherols (0.24% TENOX™ GT-l; Eastman Chemical
Products, Kingsport,-Tennessee). The. tocopherols were
added to the stripped propoxylated glycerol prior to
fatty acid esterification. The mixture was heated to
240°C (465°F) and a nitrogen purge was carried out at the

minimum rate necessary to remove the water.

EPG-1 was then physically refined in the laboratory.
EPG-1 was divided into two samples; EPG-1A and EPG-1B.
EPG-1B was subjected to activated carbon treatment
subsequent to physical refining. The treatment consisted
of mixing 0.1% DARCO™ KB.(American Norit Co. Inc.,
Jacksonville, Florida) activated carbon in the oil
followed by filtration through a bed of filteraid. Figure
1 clearly sets forth the experimental design for Examples
1 and 2 contained in this application. The oils were
stored in 8 oz. glass bottles, loosely capped at ambient
temperatures under indoor fluorescent lights. Samples
were withdrawn periodically and evaluated for flavor,

color and oxi-index. The results are set forth in Table

1.
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Example 2

One batch of EPG (EPG-2) was synthesized as set forth
in Example 1, except that EPG-2 was synthesized without the
presence of added tocopherols. After physical refining in the
laboratory, EPG-2 was divided into 3 samples; EPG-2A, EPG-2B and
EPG-2C. EPG-2C was subjected to activated carbon treatment
sugseéuent to physical refining as set forth in Example 1.
Additionally, tocopherols (TENOX GT-1) were added to samples
EPG-2B and EPG-2C subsequent to processing but prior to storage
(See Figure 1). The Tenox GT-1 was added at 0.24% by weight
vielding a final tocopherol level which is typical for vegetable
0ils and equivalent to that used in Example 1. The resulting

01ls were stored and evaluated as described in Example 1.

Table 1 sets forth the results obtainéd in Examples 1
and 2. Examination of these results clearly shows that the
superior results were obtained with sample EPG-1A wherein the
EPG was synthesized with tocopherols prior to processing, and
not subjected to activated carbon treatment. This conclusion is
based on the resultant PV and corresponding Oxi-Index.

Additionally, its flavor, as evidenced by both the strength and

descriptor measurements, was the most desirable of the samples.
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Example 3

503 pounds of glycerin were propoxylated with 1,564 pounds
of propylene oxide. The resulting propoxylated glycerol was
5 treated with 60 pounds of Magnesol (Reagent Chemical & Research

Inc., Jeffersonville, Indiana) mixed with Celite™ (521, Aldrich

#22,179-1, Milwaukee, Wisconsin) at a temperature of 93°C
(200°F) for a period of one hour. The product resulting from
this treatment was filtered and the resulting product was

10 subjected to a second treatment with 60 pounds of magnesol and
6 pounds of Celite. The product was filtered after the second
treatment, and, 21.9 grams of TBHQ were added to the treated
polyol which was then subjected to steam stripping at 149°C

(300°F) at maximum vacuum (approximately 20 mm Hg) for a period

19 of one hour. After stripping, an additional 43.8 grams of TEHQ
were added to the polyol prior to esterification. Headspace GC
was conducted on the stripped polyol and the results as shown
in Figure 2, demonstrated the minimal amount of light
byproducts produced during the processing.

20

Example 4

501 pounds of glycerin were propoxylated with 1,558 pounds
of propylene oxide. The resulting propoxylated glycerol was
25 treated with 60 pounds of Magnesol mixed with Celite (521,
Aldrich #22,179-1, Milwaukee, Wisconsin) at a temperature of

93°C (200°F) for a period of one hour. The product resulting

15
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from this treatment was filtered and the resulting product was
subjected to a second treatment with 60 pounds of magnesol and 6

pounds of celite. The treated polyol was then steam stripped

for one hour at 149°C (300°F) at approximately 20 mm Hg vacuum.

After stripping, headspace GC was conducted and the results, as
shown in Figure 3, indicated the presence of a large number of

light byproducts.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

A method for the preparation of an esterified alkoxylated

polyol exhibiting improved oxidative and flavor stability

which comprises the steps of:

a) alkoxylating the polyol;
b) esterifying the alkoxylated polyol with an excess of
| saturated or unsaturated fatty acids; and

c) purifying the esterified alkoxylated polyol,

wherein an antioxidant is added to the alkoxylated polyol

or the fatty acids.

The method of claim 1 wherein the antioxidant is added to

the alkoxylated polyol resulting from step.a).

‘The method of claim 1 wherein the antioxidant is added to

the fatty acids prior to esterification in step b).

The method of claim 1, wherein the antioxidant is
separately added to the alkoxylated polyol and to the fatty

acids prior to esterification in step b).

Thé method of claim 1 wherein the antioxidant is chosen
from the group consisting of natural antioxidants,

synthetic antioxidants and combinations thereof.

- 17 -
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6. The method of claim 1 wherein the antioxidants is

mixed tocopherols.

7. The method of claim 1 wherein the antioxidant is

chosen from the group consisting of butylated
hydroxytoluene, butylated hydroxyanisole, tertiary-
butylhydroquinone, propyl gallates and combinations

thereof.

8. The method of claim 1 which further comprises steam
stripping of the alkoxylated polyol prior to

esterification.

O. The method of claim 8 wherein the antioxidant is
added to the alkoxylated polyol after steam stripping and

prior to esterification.

10. An esterified alkoxylated polyol prepared by the

method of any one of claims 1 to 9.

11. A method for the preparation of an esterified

propoxylated glycerol which comprises the steps of:

a) propoxylating glycerol;

b) esterifying the propoxylated glycerol with an
excess of saturated or unsaturated fatty
aclds; and

C) purifying the esterified propoxylated

glycerol,

wherein an antioxidant is added to the propoxylated

glycerol or the fatty acids.
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The method of claim ll1 wherein the antioxidant is added to

the propoxylated glycerol resulting from step a).

" The method of claim 11 wherein the antioxidant is added to

the fatty acids prior to esterification in step b).

The method of claim 11, wherein the antioxidant is

separately added to the propoxylated glycerol and to the

fatty acids prior to esterification in step b).

The method of claim 11, wherein the antioxidant is chosen
from the group consisting of natural antioxidants,

synthetic antioxidants and combinations thereof.

The method of claim 11 wherein the antioxidants is mixed

tocopherols.

- The method of claim 11 wherein the antioxidant is chosen

from the group consisting of butylated hydroxytoluene,
butylated hydroxyanisole, tertiary-butylhydroguinone,

propyl gallates and combinations thereof.
The method of claim 11 which further compriSes steam

stripping the propoxylated glycerol prior td

esterification.

- 19-
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19. The method of claim 18 wherein the antioxidant 1is
added to the propoxylated glycerol after the steam

stripping of and prior to esterification.

20. An esterified propoxylated glycerol prepared by the

method of any one of claims 11 to 19.

21. An esterfied propoxylated glycerol prepared by the
method of any one of claims 11 to 19, which exhibits
improved flavor and oxidative stability and which
comprises the addition of antioxidants to the glycerol,

fatty acids, or combinations thereof, during processing.



21401310

L Old

AQNLS AQNLS AQNLS
JOVHOLS JOVHOLS JOVHOLS
1043Hd0001] |1043Hd0I01

INJWNLVIHL
NOEHYD
Q31VAILOY

od—(@9E—{¥%oa

UNINI33Y

1VOISAHd
AH0L1YHO8Y

(S1043HJ0D0L LNOHLIM
Q3ZISTHLNAS)
'9d3

AQNLS
JOVHOLS

IN3W1v3dl

NO8RYI
Q31VAILOV

]

ONINI43H
WOISAHd
AHOL1YHOavT

(ST0H3IHAOD0L HLIM
Q3ZISTHLNAS)
1-9d3

AQNLS
JOVHOLS

Vi-Od3



FIG. 2

40.0

35.0

=
-
™

2140130

O O
L0 -
Al oY

(AW) ALISNILNI

15.0

10.0

15.0 20.0 25.0 30.0 35.0 40.0
TIME (MINUTES)

10.0

5.0



FIG. 3

2140130

- _—_———_——_——_—— e ————

- S - O O. O S
o To o To O To -
~ ™ ) QY ) o

QN
(AW) ALISNILNI

15.0 20.0 55.0 300 _ 35.0 40.0
TIME (MINUTES)

10.0

5.0



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

