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POLYMER GELATION OF OILS

Related Applications

The present invention claims priority of US61/213,480 filed on 12th June 2010 and

US61/213,738 filed on 8th July 2010, the entire contents of which are incorporated

herein by reference.

Field of the Invention

The present invention relates to oils that are gelled with a combination of ethylcellulose

and a surfactant.

Background of the Invention

Over the past 50 years hydrogenated oils containing trans fatty acids have become a

prevalent part of the diet in developed countries. Research into the role fats and oils play

in human health has indicated that consumption of trans fatty acids is associated with

increased incidences of cancer, heart disease, elevated cholesterol levels and a host of

other health problems. Although many consumers are aware of the negative impact of

trans fats, these hydrogenated oils have become so commonplace in prepared foods that

it is a major feat to avoid them.

The demand for a healthy alternative to trans fatty acids and saturated fats creates

technological hurdles for the food manufacturing industry. It is difficult to eliminate

trans and saturated fats from a food formulation where the goal is to transform an oil,

which is liquid at room temperature to a fat, which is 'solid' at room temperature to

enhance the texture and appearance of a food product.

In the food industry there have been many attempts to find alternative components that

can provide the desired features of texture, structuring, stability and taste that are

normally found in animal and vegetable fats or hydrogenated oils. One alternative,

organogels, have been recognized for their potential to be used to reduce oil migration in



multi component foods and to act as an alternative to butter or margarine. Organogels

can be used to provide structure to edible oils thereby reducing the need for saturated

and trans fatty acids. While the potential of organogels as soft materials for use in the

food industry is recognized, there is a lack of good food grade organogelators. There

remains an unmet need for food grade compositions that can provide the functionality

and properties of a solid fat at a reasonable cost.

US-B-6 187323 describes pharmaceutical and cosmetic compositions comprising a

mixture of a gelled oil and an aqueous gel. The oil may be gelled with ethylcellulose by

heating to 140°C to dissolve the ethylcellulose.

WO2008/081 175 describes compositions containing an active agent for cosmetic and

pharmaceutical applications, similar to those of US-B-6 187323. The compositions are

homogeneous mixtures (not emulsions) of an oil component with an aqueous

component. The oil component is gelled with ethylcellulose at 120°C or 150°C prior to

mixing with the aqueous component. The aqueous component is gelled with a

conventional cosmetic gelling agent.

US-A-4098913 describes edible fat particles for incorporation into textured protein meat

analog products. The edible fat products are made by gelling an oil with ethylcellulose

at 180°C. The gelled fat is then added to the meat analog product. There does not

appear to be any disclosure of including a surfactant in the gelled oil.

M.A. Ruiz-Martinez et al. in Il Farmaco. 58 (2003) 1289-1294 describe compositions

formed by dispersing ethylcellulose with certain polyethylene glycol (PEG) - olivate

ester surfactants in olive oil at 100°C. Although these compositions are described as

oleogels, the description and rheological data in the reference confirm that they are not,

in fact, gels. In particular, the measured ratios of elastic modulus to viscous modulus

(GVG") for the compositions are much less than 1 when measured at IHz, which is

consistent with viscous liquids or pastes but not gels.



Summary of the Invention

In the methods of the present invention, liquid edible oils are physically transformed into

stable semisolid anhydrous oil gel compositions. The compositions allow for a dramatic

reduction in the amount of unhealthy trans and saturated fat used in food products. The

compositions of the invention are useful in many applications. Some examples of their

use are the stabilization of oils in foods at high temperatures (soaks up and binds oil

relatively strongly and prevents syneresis), the replacement of solid fat in meat products,

the gelling and stabilization of fish and algal oils for ruminant feeding, and the

manufacture of heat resistant chocolate, just to mention a few.

hi a first aspect, the present invention provides an edible oleogel comprising an oil,

ethylcellulose and a surfactant.

The oleogels according to the invention are edible. Accordingly, in a further aspect, the

present invention provides a food product comprising an oleogel according to the

invention

hi a further aspect, the present invention provides a method of preparing an edible

oleogel, said method comprising:

a) preparing a mixture of food-grade ethylcellulose in an edible oil;

b) adding a surfactant to the ethylcellulose and oil mixture;

c) heating the ethylcellulose/oil/surfactant mixture to a temperature above the glass

transition temperature of the ethylcellulose with mixing, and

d) allowing the mixture to cool thereby forming said oleogel.

Suitably, the method is adapted for making an oleogel according to the first aspect of the

invention.

Description of the Drawings

These and other features of the invention will become more apparent from the following

description in which reference is made to the appended drawings wherein:



Figure 1 is a schematic illustrating the formation of a polymer organogel by heat

treatment;

Figure 2 shows measured viscoelastic data for the oleogel of Example 4;

Figure 3 shows measured data for (a) liquid loss, (b) hardness, (c) springiness, (d)

cohesiveness, (e) chewiness and (f) gumminess of meat emulsion samples containing

various oils, fats and oleogels according to the invention; and

Figure 4 shows measured gel strength versus oil type for a series of oil-ethylcellulose-

surfactant oleogels.

Detailed Description of the Invention

The invention is directed to edible semi-solid, anhydrous polymer/oil/surfactant gels and

to food products containing such gels.

The polymer gels are suitably prepared by combining ethylcellulose with an edible oil

and a surfactant, and heating the mixture to a temperature above the glass transition

temperature of the ethylcellulose. Once the polymer has fully dissolved and the solution

is clear, it is allowed to cool and set as a gel.

The term "gel" herein is used in its usual sense of a material having a continuous

structure with macroscopic dimensions that is permanent on the time scale of an

analytical experiment and is solid-like in its rheological properties (Flory, 1974). Gels

bounce rather than flow, and exhibit substantially linear viscoelastic characteristics, at

stresses below their yield stress. Gels have a melting point. Gels are conveniently

defined by their rheological properties, in particular their yield stress and the ratio of

their elastic modulus to their viscous modulus (GVG") as measured at 200C and 1 Hz in

a conventional viscoelastic analyzer as described below. Gel-like behaviour is

characterized by GVG" greater than about 1 under these conditions. The gels of the

present invention suitably have yield stresses greater than about lOPa, more suitably

greater than about 20Pa, for example from about 25Pa to about 300Pa. The gels of the

present invention suitably have GVG" greater than about 1, more suitably greater than

about 2 under these conditions.



The gels according to the invention are suitably strong gels. Strong gels are preferred for

food applications because they have physical properties closer to those of fat, and are

more effective for reducing oil migration. The term "strong gel" herein refers to gels

having high mechanical strength and elasticity. Suitably, strong gels have yield stresses

greater than about 50Pa and GVG" greater than about 3 at IHz and 20°C.

The term "oleogel" herein refers to a gel having a continuous oil phase having the

ethylcellulose uniformly dispersed in the gel phase and functioning as the gelling agent.

The oleogels are suitably clear and translucent, generally transparent materials having

the physical properties of a true gel as described above. The surfactant is likewise

homogeneously distributed through the gel. Thus, the surfactant is not concentrated at

the surface of oil or water micelles as in an emulsion. The oleogel may consist

essentially of one or more oils or fats, the ethylcellulose, and the surfactant. The oleogel

is suitably anhydrous, that is to say it suitably has a water content of less than about

10%w/w, for example less than about 5%w/w.

The polymer oleogel is what some call a macromolecular gel, resembling a single-phase

system at length scales greater than lOOnm. Polymer strands form a crosslinked network

where structures can be recognized only a very small length scales, in the range of

polymer dimensions. This is in contrast to colloidal gels, where particles ranging from a

few hundred nanometers to several micrometers are evident. The polymer oleogel is

unique in that its structure is homogeneous at the mesoscale, whereas other organogels

are not homogeneous at this length scale.

The oleogels according to the invention are edible. Accordingly, in a further aspect, the

present invention provides a food product comprising an oleogel according to the

invention. The food product may be made by mixing food components with an oleogel

according to the invention. The mixing may be performed with the oleogel in the gelled

state, or with the oleogel composition in the molten state followed by cooling.

The term "food product" herein refers to edible products suitably also containing one or

more ingredients selected from carbohydrates (e.g. sugars and starches), proteins, dietary

fiber, water, and flavouring agents such as salt. The term does not encompass



pharmaceutical or cosmetic products, such as products containing pharmaceutically

ingredients, non-food acceptable detergents or perfumes. Suitably, the food product

contains at least about lwt.% of the oleogel, for example at least about 5wt%, 10% or

15% of the oleogel. Suitably, the food product contains less than about 95% of the

oleogel, for example less than about 90% of the oleogel.

In certain embodiments, the food product according to the present invention is a meat

product. For example, a ground meat product such as hamburger meat, or a meat

emulsion product such as bologna, mortadella, frankurters, or other sausage products.

Typically, the meat products of the invention comprise from about 10% to about 25% of

protein, from about 5% to about 35% of fat (including oils and gelled oils), and from

about 40% to about 60% total water.

Typically, meat emulsion products are prepared by mixing, chopping, and emulsifying a

mixture of raw meat materials such as lean skeletal beef and pork, and meat by-products,

with ice, and non-meat ingredients such as salt, spices, non-meat proteins and curing

salts in such a manner as to produce an emulsion that contains fine fat particles coated

with protein. The protein is either dissolved from meat ingredients and/or derived from

added proteins such as vegetable proteins, whey or plasma proteins. In the case of a

sausage product, the resultant meat emulsion is then stuffed into a suitable casing that

serves as a processing mold. The emulsion is then heat processed. The heating of the

meat emulsion causes the protein contained therein to coagulate to form an elastic, semi¬

solid texture. This thereby entraps the fat particles in the protein matrix thereby forming

a firm meat emulsion product. The resultant meat emulsion product is a uniform,

homogeneous mass that may also contain discrete chunks of meat or other inclusions and

retains the shape of the casing when set.

Replacement of a fraction of the animal fat present in such products by oils, suitably

vegetable oils, results in meat products having an unacceptably hard, chewy and/or

gummy texture when cooked. However, replacement of a fraction of the animal fat by

an oleogel according to the present invention has been found to result in meat products

that do not exhibit these drawbacks.



The present inventor has found that the strength of the gel formed by dispersing

ethylcellulose and a surfactant in oil depends on the choice of ethylcellulose, the oil, the

surfactant, and the dispersion temperature.

Various types of oils may be used such as, but not limited to, Soybean oil, Canola oil,

Corn oil, Sunflower oil, Safflower oil, Flaxseed oil, Almond oil, Peanut oil, Fish oil,

Algal oil, Palm oil, Palm stearin, Palm olein, Palm kernel oil, high oleic soybean, canola,

sunflower, safflower oils, hydrogenated palm kernel oil, hydrogenated palm stearin, fully

hydrogenated soybean, canola or cottonseed oils, high stearic sunflower oil, Olive oil,

enzymatically and chemically interesterified oils, butteroil, cocoa butter, avocado oil,

almond oil, coconut oil, cottonseed oil, and mixtures thereof. A portion, for example up

to about 50%w/w, of the oils may be replaced by one or more fats.

Soybean oil forms very strong gels, and so does corn oil and flaxseed oil. Canola oil and

the high oleic oils, on the other hand form weaker gels. Flaxseed oil and most highly

polyunsaturated nut, algal and fish oils form very strong gels. It would seem that oils that

are high in polyunsaturates such as linoleic, linolenic, DHA and EPA acids form the

strongest gels, while oils with high oleic acid contents do not form as strong gels.

Suitably, the gelled oils in the compositions of the present invention comprise less than

about 50% of olive oil, for example they may be substantially free of olive oil. More

highly polyunsaturated oils are also more polar and of higher density than more saturated

oils. Considering all of the above, for general fat applications, soybean oil or corn oil are

preferred oils for the formation of gels. Medium and short-chain saturated fats and oils

(MCTs) such as palm kernel oil and coconut oils also form strong gels. Suitably, the

gelled oils in the compositions of the present invention comprise less than about 50% of

olive oil, for example they may be substantially free of olive oil.

Suitably, the oleogels of the invention comprise from about 70% to about 95% of oils

(including any fats), for example about 80% to about 90% of oils.

The addition of a surfactant to the polymer-oil mixture has been shown to result in the

formation of desired polymer gels. Examples of surfactant/solvent components include,

but are not limited to Polyoxyethylene sorbitan monooleate (Tween 80),



Polyoxyethylene sorbitan monostearate (Tween 60), Sorbitan monooleate (SMO or Span

80), Sorbitan monostearate(SMS or Span 60), Glyceryl monooleate (GMO), Glyceryl

monostearate (GMS) Glyceryl monopalmitate (GMP), Polyglyceryl ester of lauric acid -

polyglyceryl polylaurate (PGPL), Polyglyceryl ester of stearic acid - polyglyeryl

polystearate (PGPS), Polyglyceryl ester of oleic acid (PGPO) - Polyglyceryl polyoleate

(PGPO), and Polyglyceryl ester of ricinoleic acid (PGPR) - Polyglyceryl polyricinoleate

(PGPR).

The addition of a compatible surfactant plasticizes the polymer, slows down the gelation

process (increases the gelation time) and induces the formation of stable, translucent,

elastic, non-brittle gels. The surfactant does not lower the temperature that is needed to

disperse ethylcellulose in oil initially (see below), but the surfactant does decrease the

gelation temperature on cooling of the polymer/surfactant/oil solution and the melting

temperature of the gel after it has formed. Suitably, the gelation temperature of the gel is

reduced to from about 40°C to about 900C, for example about 60°C to about 800C, by

the surfactant. Gelled oils that set above 1000C would not be practical in most food

combinations, as heating the food product to such high temperature for inclusion of the

polymer solution would destroy or severely modify the native food structure. Moreover,

a fast gelation process would make it very difficult for these polymers to be added to

food products - they would set into a gel too fast for proper incorporation and mixing. A

preferred surfactant for use in foods is one that decreases the gelation temperature and

slows down the gelation process.

Preferred surfactants were determined to be SMS, GMS, GMO, SMO and PGPL.

It will be apparent from the above that the surfactant is normally a non-ionic surfactant.

Especially strong gels are observed when the surfactant is an ester of a saturated ClO-

C24, suitably C14-C20, fatty acid with a polyhydric alcohol such that the ester has 2, 3

or more free hydroxyl groups. Suitable saturated fatty acids include stearic (Cl 8) and

palmitic (Cl 6) acids. Suitably, the polyhydric alcohol has at least four hydroxyl groups,

such as a sugar alcohol or a polyglycerol. An especially suitable surfactant of this type

is SMS.



The mouthfeel of SMS and SMO are superior to the other surfactants.

Surfactant esters of unsaturated fatty acids, such as GMO and SMO, are extremely good

plasticizers, to the point where the reduction in gelation temperature can be too extreme,

leading to the formation of a gel with decreased thermal resistance. This translates into a

need to have a higher polymer concentration in the final product. PGPL is a very good

plasticizer, but overheating of PGPL can lead to the hydrolysis of lauric acid, which has

a very undesirable taste. Suitably, the surfactants used in the present invention do not

comprise PEG olivate esters, more particularly Olivem 900, 700 or 300.

There is a limit to how much surfactant can be added to foods. The practical range is a

10:1 to 1:1 w/w polymer-to-surfactant ratio. A ratio of from about 4:1 to about 2:lw/w

for example 3:1 w/w polymer-to-surfactant was found to be a good compromise between

obtaining good gel strength and minimizing the amount of surfactant added in a food

product.

Ethylcellulose (EC) has been shown to form anhydrous polymer organogels of edible

oils at concentrations greater than 3% (w/w) in oil. To achieve this, the EC and

surfactant in oil is heated up to a temperature above the glass transition temperature of

the polymer (Tg=I 30°C) with constant mixing. Suitably, the mixture is heated to at least

about 130°C, for example about 135° to about 1600C, typically about 140° to about

150°C. It has been found that the initial dispersion temperature above the glass

transition temperature of the ethylcellulose is important to achieve complete dissolution

of the ethylcellulose and a strong gel. After a few minutes, all the EC powder has

dissolved and the solution is clear and very viscous (depending on the concentration of

EC in oil). The useful concentration range is between 4% and 20% (w/w) EC in oil, for

example from about 4% to about 10%w/w. EC will gel oil by itself; stable gels can be

produced that are translucent and stiff, but they are grainy and brittle in nature, set very

fast, and have a relatively high gelation temperature, typically about 110-1200C, which

is not suitable for many food applications. Hence the addition of the surfactant provides

important advantages in the compositions of the invention. The surfactant does not

reduce the temperature required for the initial dissolution of the ethylcellulose, which

remains the glass transition temperature even in the presence of the surfactant.



However, once the ethylcellulose has been dissolved to form the gel, the surfactant

plasticises the gel to lower the gelation temperature and improve the properties of the

formed gel.

Without wishing to be bound by any theory, the suggested mechanism of thermal gel

formation and surfactant interaction is shown in Figure 1. In this example SMS is the

surfactant. It is apparent to one skilled in the art that the same type of schematic can be

applied to other surfactants.

The molecular weight of the polymer plays a role in the formation of the gel.

Ethylcellulose 4cp, lOcp, 22cp, 45cp, lOOcp, and 300cp have been tested (cp =

centipoise, a measure of the viscosity of a 5% solution of ethylcellulose in toluene; the

greater the molecular weight, the higher the molecular weight of the ethylcellulose).

It has been found that EC4cp forms very weak gels even at 10%(w/w) concentrations.

EC lOOcp and 300cp are extremely high molecular weight polymer mixtures and are

difficult to dissolve and mix, form very viscous sols, and set quickly at high

temperatures (above 100°C). This also enhances the incorporation of air bubbles into the

melt, which is not desirable. Thus, the use of EC lOOcp and EC cp 300 is not very

practical in most food applications. EC lOcp, 22cp and EC 45cp form stiff, translucent

and elastic gels at 5-6% (w/w) concentrations in the oil phase. EC lOcp, 22cp and 45cp

dissolve readily in the oil, the sols are not too viscous at 10-15% concentrations and they

start gelling at temperatures between 70 and 90°C.

Ethylcellulose is a nutritionally beneficial fiber and nutritional fibers are often lacking in

our diets, In addition, ethycellulose is a GRAS material (generally regarded as safe) for

use in food products making EC, particularly EC lOcp, 22cp and EC 45cp, are desirable

polymers to be used in food products, more particularly EC 22cp and EC 45cp. The

degree of ethoxylation of the ethylcellulose is suitably from about 25% to about 75%, for

example from about 40% to about 60% by weight.

As discussed above, EC 22cp is a preferred polymer for use in the invention. Assuming

an approximate molecular weight of EC 22cp of 40,000g/mol and of SMS of



430.62g/mol, a 3:1 w/w polymer-to-surfactant ratio translates into a . 1:31 mol/mol

polymer-to-surfactant ratio. Considering the molecular weight of glucose as 180g/mol,

and of 50% substituted ethylglucose of 222g/mol, and of a ethylglucose monomer in

cellulose as 204g/mol, this translates to approximately 196 monomers of glucose in

EC22cp. Thus 196/31 = 6, meaning that one molecule of SMS is bound to every sixth

glucose monomer in the EC22cp polymer. This is relevant since proper gel formation

depends on a balance between polymer-solvent and polymer-polymer interactions. Too

high a solubility of the polymer in the oil will preclude gel formation upon cooling. Not

enough solubilization will preclude proper polymer swelling and extension of the chains

in the solvent, which will then interact and form junction zones upon cooling, leading to

gelation. It appears that the strength of binding is an important factor, as well as

polymer conformation.

Procedure 1

In order to assess the rheological properties of the gel, a controlled stress rheological test

was performed. Circular lcm diameter by 3mm high piece of the gel was cut out and

placed on a piece of 60-grit wood sandpaper soaked in flaxseed oil. A piece of 60- grit

wood sandpaper was glued to a 1 cm diameter flat stainless steel geometry. The gel

sample on the oil-soaked piece of sandpaper (3x2cm) were taped to the bottom Peltier

plate of the rheometer. The sample was compressed manually to achieve a normal force

of approximately 0.2N to ensure good mechanical contact and no slip. The rheometer

was programmed to carry out a stress sweep from 1 to 4000 Pa at a range of frequencies,

including IHz.

Procedure 2

The gelation temperatures of the ethylcellulose-surfactant-oil solutions were determined

as follows. The solutions heated to above the glass transition temperature of the

ethylcellulose were placed in heated 50ml glass vials, placed in a metal rack and

transferred to heated water bath. Solutions were stabilized at a particular temperature for

30 minutes before visually inspecting them for evidence of gelation. Gelation was

judged by tilting the glass vial 90 degrees and visually checking for flow. If the solution

was liquid and flowed, the temperature was lowered to a new set point. The temperature

at which the sample did not flow any more was considered the gelation temperature.



Example 1

In one embodiment, a fat substitute is prepared as follows. Ethylcellulose 22cp or 45cp

9%w/w (ETHOCEL®, Dow Chemical Co.) and 3%w/w SMS in a 30:70 w/w mixture of

folly hydrogenated soybean oil with liquid soybean oil were heated up 1400C to ensure

foil solubilization of the polymer in oil. Upon cooling of the melt, at 100°C, soybean oil

heated to 100°C was added at a 1:2 ratio (1/3 dilution). The final concentration of

components was 6% EC, 2% SMS, 20% folly hydrogenated soybean oil and 72%

soybean oil. The mixture was then allowed to cool down and set. Fully hydrogenated

cottonseed oil, folly hydrogenated canola oil, beef tallow, lard, milkfat could also be

added as the hardstock. This material has the functionality and texture of a fat.

Example 2

In another embodiment, a fish oil gel for ruminant feeing is provided. Ethylcellulose

22cp or 45cp 9%w/w (source as in Example 1) and 3%w/w SMS in a 30:70 w/w mixture

of folly hydrogenated soybean oil with liquid soybean oil were heated up 140°C to

ensure foil solubilization of the polymer in oil. Upon cooling of the melt, at 90°C, fish or

algal oil heated to 90°C was added under reduced pressure or under a nitrogen blanket at

a 1:2 ratio (1/3 dilution). The final concentration of components was 6% EC, 2% SMS,

20% folly hydrogenated soybean oil and 72% fish or algal oil. The material was hard

enough that it could be cut into small pieces by chopping for inclusion into animal feed.

Supplementation of cow feed with stabilized fish oil will protect the fish oil from

biohydrogenation in the rumen of the cow, and thus allow the cow to accumulate DHA

and EPA in the milk produced. Naturally secreted milk has a great potential as a source

of long-chain omega-3 fatty acids.

Example 3

In a further embodiment, a 10% ethylcellulose 22cp gel containing 5% sorbitan

monostearate in flaxseed oil was prepared. The gel was prepared by the thermal

treatment described above and allowed to set at 22°C for one day. The rheological test

results show that the test gel is very solid-like (firm gel), with a GVG" value of about 4

at IHz. The yield stress of the gel was 100-300Pa.



Example 4

A gel of 7wt.% ethylcellulose 22cp, 3.5% SMS in soya oil was prepared and tested as

described above in Example 1. The viscoelastic data are shown in Fig. 2. It can be seen

that the gel shows classical gel behaviour with linear stress/strain behaviour up to a

breakdown stress of about 1000Pa, and with G'»G" at IHz.

Example 5

The effect of dissolution temperature of the ethylcellulose on the properties of the

oleogel was studied as follows. A mixture was made consisting of 10% Ethocel 45cP

and 3% sorbitan monostearate in soybean oil. Samples were removed during heating of

the mixture at 125°C, 130°C, 140°C and 150°C. The particles in the oil began to clear

around 125°C. However, they did not fully clear until around 130°C. The samples were

left to set at room temperature (25°C). After having set for 3 hr at ambient temperature it

was clear that gel samples removed at 125 or 130°C did not achieve nearly the same

hardness as the samples heated to 140 or 150°C.

hi general, samples herein containing EC, surfactant and oil were heated up to 140°C

with constant stirring for 30 minutes until all the EC was solubilized and the oil appeared

translucent by visual inspection. When the samples were only heated up to 100°C,

incomplete solubilization of the EC was evident, and large pieces of the EC could be

seen by eye. Upon cooling to room temperature, these samples heated only to 100°C did

not gel and remained liquid. This demonstrates the importance of heating the EC in oil

to above its glass transition temperature.

Example 6

The effect of varying the amount and type of surfactant on the gelation temperature of

ethylcellulose oleogels was studied as follows. Gels were formed in the usual manner

from Canola oil, ethylcellulose and various surfactants. After heating ingredients to

150°C a small amount of molten gel was poured into the bottom of a test tube. The test

tube was then immediately placed in a hot water bath at 97.5°C. The test tube was left at

this temperature for 10 min. If after 10 min the gel showed no flow behaviour when

inverted at an angle and gently shaken then the gelation temperature was recorded as

>97.5°C. If flow behaviour was observed then the test tube was replaced into the bath.



The temperature of the bath was then lowered 5°C. Once the lower temperature was

reached, the tubes were left at this temperature for 10 min and then checked for gelation.

This was repeated until gelation was observed. The measured gelation temperatures in

0C were as follows:

Table 1

9% EC 1.8% Surfactant in Canola oil gels

Table 2

9% EC 3% Surfactant in Canola oil gels

It can be seen that the addition of surfactant lowers the gelation temperature. Gelation

temperatures are higher for the higher viscosity (molecular weight) ethylcellulose.

Example 7

The effect of varying the amount and type of surfactant and of ethylcellulose on the

viscoelastic properties of ethylcellulose oleogels was studied by preparing a series of

oleogels by heating canola oil, ETHOCEL 22cp and a surfactant in varying proportions

to about 140°C to dissolve the ethylcellulose, followed by measuring the viscoelastic

properties of the resulting gels. The results were as follows:



Table 3

These data show that gel strength is dependent on EC concentration, and surfactant type

and concentration. At a fixed 2:1 (w/w) ratio of EC 22cp to SMS, the G1of an oleogel

increases from 4085Pa to 6762Pa to 43088Pa when the concentration of EC increases

from 5% to 6% to 7%, respectively. Thus, EC concentration has a profound effect on

gel strength. For a 6% EC 22cp gel, increasing the polymer to surfactant ratio from 2:1

to 3:2 w/w leads to a large increase in G', from 6762Pa to 24630Pa. This demonstrates

the sensitivity of gel strength on the presence of surfactant and the ratio of polymer to

surfactant. In the case of EC 22cp gels containing SMO at similar polymer to surfactant

ratios, an increase in EC concentration from 5% to 6% leads to a small increase in G'

from 3261Pa to 3933Pa. For a 6% EC 22cp gel, increasing the polymer to surfactant

ratio from 2:1 to 3:2, however, leads to a decrease in G' from 3933Pa to 2751Pa. It

appears that SMO is a stronger plasticizer than SMS, and thus demonstrates an opposite

trend relative to increases in the proportion of SMS in the gel. Obviously, SMO

containing gels are much softer than SMS containing gels, for example, a 6% EC 22cp

gel containing 3% SMO has a G1 of 3933Pa, while a similar gel containing 3% SMS

displays a G' of 6762Pa. The effect is even more marked for a 6% EC 22cp gel

containing 4% SMS or SMO, where the G1 of the SMS gel is 24630Pa while the SMO

gel displays a G1 of only 2751Pa. Thus, the choice of amount of ethylcellulose and

amount and type of surfactant can be used to tailor the oleogels for any desired

application.



Example 8

The effect of varying the type of oil used to make the oleogels was studied by comparing

the viscoelastic properties of oleogels made with tallow, Canola oil, Soy oil and

Flaxseed oil. Each gel contained 10wt.% of ETHOCEL lOOcp and 5wt.% of SMS.

Each gel was made by heating the mixture to 1500C to dissolve the components,

followed by cooling to ambient temperature to set the gel. All four oils formed strong

gels. Fig. 4 shows the measured yield stresses of the resulting gels, showing the effect of

varying the oil. It can be seen that the gel strength increases in the order Tallow <

Canola < Soy < Flaxseed.

Example 9

A series of meat emulsion products were prepared incorporating organogels prepared

from liquid vegetable oils. They were compared with the same meat emulsion system

using conventional beef fat and rendered beef fat. Further comparative examples were

prepared using organogels of conventional beef fat and rendered beef fat in the same

emulsion system. The samples were cooked at different heating rates to evaluate

properties. The method was as follows.

Lean meat cuts were chopped in a silent cutter for a short period of time to open up the

structure and increase the surface area of the meat. This was followed by the addition of

2% salt and 0.25% polyphosphate which helps to extract several of the meat proteins.

This was done while continuing chopping. This was followed by few minutes of break to

allow time for protein extraction. Next, animal fat and/or vegetable oil was added and

chopped at the high speed setting to reduce fat/oil globule particle size hi the particular

products produced here, animal fat and/or vegetable oils were added to the lean beef

meat (usually containing 5-10% fat) to obtain the target fat/oil level of 25% in the final

meat emulsion. Beef fat and vegetable oils were used in their native state or prepared as

ethylcellulose oleogels and added to the product. The meat emulsion was then chopped

until a desired homogenous texture was obtained. The products described here were

formed into about 25 mm diameter sausages and cooked in plastic casings placed in a

water bath and processed at a slow (0.5°C/min) and fast (3.7°C/min) heating rate up to

72°C.



The oleogels used in this example were prepared from regular beef fat, rendered beef fat,

canola oil, soy oil and flaxseed by heating a 85% fat/oil, 10% ETHOCEL lOOcp and 5%

sorbitan monostearate (Span 60) solution up to 180°C to 190°C to dissolve all

ingredients and produce a uniform mass. This was followed by cooling and hardening of

the gels which were later added to the bowl chopper and incorporated into the meat

emulsion.

Fluid separated from the emulsions during cooking (cook loss) was measured, after

cooling in a cold-water bath for 5 min, and is expressed as the ratio of liquid expelled (g)

to raw batter weight (percent loss). The samples were kept in a 5°C cooler overnight, so

fat / oil floated to the top and could be determined separately.

Texture analysis of the cooked emulsions was performed as follows. After an overnight

storage (5°C), a standard texture profile analysis (TPA) test was performed (Bourne,

1978. Food Technology, 32:62-66). Briefly, cooked meat cores (16 mm diameter,

10 mm high) were compressed twice to 75% of their original height by a texture

analyzer at a crosshead speed of 1.5 mm/s. The parameters determined (hardness,

springiness, cohesiveness, chewiness, and gumminess) were automatically calculated by

computer software attached to the analyzer. The results are summarised in Fig. 3, as

follows:

T l - Beef fat heated at 0.5°C/min

T2 - Beef fat heated at 3.7°C/min

T3 - Beef fat organogel heated at 0.5°C/min

T4 - Beef fat organogel heated at 3.7°C/min

T5 - Canola oil heated at 0.5°C/min

T6 - Canola oil heated at 3.7°C/min

T7 - Canola oil organogel heated at 0.5°C/min

T8 - Canola oil organogel heated at 3.7°C/min

T9 - Soy oil heated at 0.5°C/min

TlO - Soy oil heated at 3.7°C/min

T l 1 - Soy oil organogel heated at 0.5°C/min

T l 2 - Soy oil organogel heated at 3.7°C/min

T l 3 - Flaxseed oil heated at 0.5°C/min



T14 - Flaxseed oil heated at 3.7°C/min

Tl 5 - Flaxseed oil organogel heated at 0.5°C/min

Tl 6 - Flaxseed oil organogel heated at 3.7°C/min

Tl 7 - Rendered beef fat heated at 0.5°C/min

Tl 8 - Rendered beef fat heated at 3.7°C/min

T19 - Rendered beef fat organogel heated at 0.5°C/min

T20 - Rendered beef fat organogel heated at 3.7°C/min

It can be seen that when the traditional beef fat was used in a form of organogel the

hardness values of the resulting meat product increased; both in the native and rendered

beef fat. However, organogels prepared from vegetable oils resulted in exactly the

opposite effect. The reduction in hardness was between 30 and 50% which is very

distinctive and implies different interactions between the vegetable oil organogels and

the meat matrix system. After this reduction, the hardness values were at the same level

as the conventional meat emulsion prepared with beef fat. Similar results are shown for

the measured springiness, cohesiveness, chewiness and gumminess of the formulations.

Hence using the new organogel technology should be very attractive to processors and

consumers alike.

The hardness of the conventional beef fat meat products was not affected by the heating

rate. Increasing the heating rate resulted in lower cook loss in the conventional finely

chopped meat batters. Overall, the cook loss consisted only of moisture (i.e., no fat loss)

in these 25% fat/oil products, indicating a good fat holding capacity (i.e., stable meat

emulsions). When beef fat was prepared as an organogel, the same trend was observed

for cook loss. However for vegetable oils (canola, soy, and flax) and rendered beef fat

(fat heated and separated from tissue), the opposite effect was observed; i.e., organogel

treatments showed higher liquid losses compared to using the oils in their native form.

This indicates different interactions of the organogels within the protein matrix, but in

any case the level of about 1% cook loss seen in the organogel treatments is well within

the acceptable level of the meat industry.

Overall, the concept of using organogels in a meat system is novel and the fact that the

organogels affect hardness as well as liquid retention, regardless of heating rate, is a very



promising to the meat processors as well as to consumers. It is also important to be

mention that the organogel prepared form the rendered beef fat resembled the behavior

of the three vegetable oils (showing same trend in texture and cook loss) and not of the

native beef fat.

The present invention provides novel methods of preparing anhydrous polymer oil gels

having the properties required for use in a food product. The polymer gels can be used in

a variety of applications such as to replace unhealthy fats in food, to prevent oil

migration in food products and to increase stability under various conditions. The food

products of the present invention exhibit increased resistance to thermal, chemical and

physical challenges.

The above embodiments have been described by way of example only. Many other

embodiments falling within the scope of the accompanying claims will be apparent to

the skilled reader.



CLAIMS

1. An edible oleogel comprising an oil, ethylcellulose and a surfactant.

2. An oleogel according to claim 1, having a gelation temperature of from about

4 O0C to about 900C

3. An oleogel according to any preceding claim wherein the oil is selected from the

group consisting of Soybean oil, Canola oil, Corn oil, Sunflower oil, Safϊ lower oil,

Flaxseed oil, Almond oil, Peanut oil, Fish oil, Algal oil, Palm oil, Palm stearin, Palm

olein, Palm kernel oil, High oleic soybean/canola/sunflower/safflower oils,

Hydrogenated palm kernel oil, Hydrogenated palm stearin, Fully hydrogenated

soybean/canola/cottonseed oils, High stearic sunflower oil, enzymatically and

chemically interesterified oils, butteroil, cocoa butter, avocado oil, almond oil, coconut

oil, and cottonseed oil.

4. An oleogel according to claim 3 wherein the oil is soybean oil or corn oil.

5. An oleogel according to any preceding claim wherein the surfactant is selected

from the group consisting of Polyoxyethylene sorbitan monooleate (Tween 80),

Polyoxyethylene sorbitan monostearate (Tween 60), Sorbitan monooleate (SMO or Span

80), Sorbitan monostearate (SMS or Span 60), Glyceryl monooleate (GMO), Glyceryl

monostearate (GMS), Glyceryl monopalmitate (GMP), Polyglyceryl ester of lauric acid -

polyglyceryl polylaurate (PGPL), Polyglyceryl ester of stearic acid - polyglyeryl

polystearate (PGPS), Polyglyceryl ester of oleic acid (PGPO) - Polyglyceryl polyoleate

(PGPO), and Polyglyceryl ester of ricinoleic acid (PGPR) - Polyglyceryl polyricinoleate

(PGPR).

6. An oleogel according to claim 5 wherein the surfactant is selected from the group

consisting of SMS, GMS, SMO, GMO and PGPL.

7. An oleogel according to claim 5 wherein the surfactant is SMS.



8. An oleogel according to claim 1, wherein the surfactant is an ester of a saturated

C12-C24 fatty acid with a polyhydric alcohol having four or more hydroxyl groups.

9. An oleogel according to any preceding claim, wherein the ethylcellulose-to-

surfactant ratio is from 10:1 to 1:1 w/w.

10. An oleogel according to any preceding claim having GVG" greater than about 1

when measured at IHz and 200C.

11. A food composition comprising an oleogel according to any of claims 1 to 10 and

further comprising one or more carbohydrates, proteins, dietary fibers, or mixtures

thereof.

12. A food composition according to claim 11 comprising a meat.

13. A food composition according to claim 12, which is ground meat product or a

meat emulsion product.

14. A method of preparing an edible oleogel, said method comprising:

a) preparing a mixture of food-grade ethylcellulose in an edible oil;

b) adding a surfactant to the ethylcellulose and oil mixture;

c) heating the ethylcellulose/oil/surfactant mixture to a temperature above the glass

transition temperature of the ethylcellulose with mixing, and

d) allowing the mixture to cool thereby forming said oleogel.

15. A method according to claim 14, for the preparation of an oleogel according to

any of claims 1 to 10.

16. A method according to claim 14, said method comprising the steps of:

a.) preparing a mixture of ethylcellulose, sorbitan monostearate (SMS) and an oil at a

ratio of about 18:6:76 w/w/w,

b) heating the mixture to a temperature above the glass transition temperature of the

ethylcellulose polymer while mixing, and



c) adding this stock to a reduced fat, heated food composition at 60°C to 90°C at 1:3 to

1:9(w/w) levels; and

d) cooling the mixture to form said oleogel.
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