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THE INTERACTIVE EFFECTS OF SELECTED EMULSIFIERS, ENZYMES,
AND A CARBOHYDRATE BASED FAT SUBSTITUTE IN A LOW FAT MUFFIN

by

Pamela S. Mason

Frank D. Conforti, Chairman
Human Nutrition and Foods
(ABSTRACT)

Selected emulsifiers, enzymes, and a fat substitute were incorporated into a
standard muffin recipe, and their effects were compared to a full fat counterpart. Physical
and sensory data were reported at the 0.01 significance level.

Physical tests indicated no significant differences (p>0.01) among crust “L” and
“b” values, specific gravity, water activity, and staling rate after 48 hours storage. The
control muffin had a significantly (p<0.01) more yellow crumb, was significantly (p<0.01)
less firm, and contained less moisture (p<0.01). The versions containing SSL and
DATEM were less firm (p<0.01) and retained slightly more moisture (p<0.01) than the
other reduced fat muffins. The control muffins and the versions containing SSL and
DATEM were significantly (p<0.01) greater in volume than the other reduced fat muffins.
Fat and DATEM were found to prolong retrogradation at a significantly (p<0.01) slower
rate than in the other versions after 24 hours storage.

Sensory results indicated no significant differences (p>0.01) in perceived
adhesiveness. The muffins containing only the fat substitute and enzymes were rated with
a significantly (p<0.01) darker crust color and (p<0.01) aftertaste than the other versions.

The control muffin was significantly (p<0.01) moister, and contained a larger crumb



(p<0.01) than the other versions. The control muffin was significantly (p<0.01) less
cohesive. The results obtained from the data indicated that there were similarities and

differences between the reduced fat versions and the control.
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Chapter 1

Introduction

According to numerous health professionals, the average fat intake of many
Americans continues to exceed what is considered to be a healthy amount. While current
nutritional guidelines advise reducing fat consumption to 30% or less of total daily energy
intake, the typical American diet consists of approximately 34% ( Sanchez et al., 1995). It
has been stressed that high levels of saturated fat have been associated with increased risks
of coronary heart disease, atherosclerosis, and obesity. Fat continues to be the leading
nutritional concern among a majority of people (Busetti, 1995), and there has been a
notable change in the dietary habits of consumers over the past several years. Although
fats and oils, meat, poultry and fish, and dairy products remain the primary sources of fat
in the American diet (Anon., 1991), different selections and proportions of such items are
being made with respect to the consumer. For instance, the use of lard and butter has
given way to vegetable fats in the forms of margarines and salad and cooking oils. Beef
consumption has decreased, while levels of poultry have continued to increase. Even low-
fat milk has surpassed whole milk (Anon., 1991).

A national survey sponsored by the American Dietetic Association (ADA) and the
International Food Information Council indicates that more than half of Americans derive
less pleasure from eating at times due to their deep concern with fat and cholesterol
(Anon., 1991). Despite the fact that many Americans are reducing their level of fat intake

>

this modification may be quite arduous for some individuals. A majority of people like the



taste of fat-containing foods and are only willing to give them up to a certain extent
(Drewnowski, 1992). Fats not only provide a concentrated source of energy to the diet,
but also contribute essential fatty acids and fat soluble vitamins (A,D,E, and K). While
this is of utmost importance, it is the sensory properties of fats that contribute to
consumer reluctance. Fats play a major role in determining the palatability and variety of
the diet. They impart differences in texture, mouthfeel, and flavor in many foods
(Drewnowski, 1992). Given all the functions that fat performs, developing one ingredient
that can replace the fat is quite difficult. Food manufacturers have been given the task to
develop new foods that will produce the organoleptic characteristics similar to fat in foods

without sacrificing quality.



Chapter 2

Review of Literature

2.1 Functionality of Fat

Lipids, more commonly known as fat, are found naturally in a variety of foods.
Derived from several sources, ranging from animals to plants, fats exhibit a wide range of
functional properties and play prominent roles in food preparation. Their composition,
crystalline structure, melting and solidifying behavior, and association with water and other
nonlipid molecules are especially important with regard to the various textural properties they
impart and their functionality in bakery and confectionery products (Nawar, 1985). With
respect to baked products, fat contributes characteristics such as flavor, richness, viscosity,
aeration, and tenderness (Drewnowski, 1992; Bennion, 1990b; Cauvain, 1987).

Lipids are classified as triglycerides, fatty acids, phospholipids, and sterols.
Triglycerides comprise the major part of fat found naturally in foods, as well as the more
purified fats, and are of utmost importance with respect to food preparation (Bennion, 1990a).
Consisting of one molecule of glycerol and three fatty acids, many variations can exist. Two
interrelated factors affect the ability of fats to produce the desired characteristics in food
products: (1) their molecular composition and (2) their crystal habits (size, shape, and form).
The many forms of fat, due to differences in molecular structure, affect the crystalline
properties of various fats. In turn, the crystalline characteristics determine how the fat will
perform in various applications (Anon, 1994b). The crystalline form of a fat is the solid state in

which the molecules arrange themselves in a repeatable, highly ordered, three dimensional



pattern (Nawar, 1985). Most fats normally exhibit three crystalline forms: alpha (o ), beta-
prime ( "), and beta ( B). The o-form has a low melting point because the molecules are
aligned randomly. There is not a high degree of order. Crystals formed by the a-form are
small and smooth, yet a high proportion of them are unstable (Penfield and Campbell, 1990c).
Beta-prime crystals have a melting point higher than those crystals of the a-form and are more
stable. These crystals are also small. Beta stable glycerides exhibit the highest melting point of
all three forms due to the highly ordered lattice that is formed. Beta crystals are larger than the
o or B' form. Each crystal form has its own physical properties such as plasticity, hardness,
softness, texture, and mouthfeel. It is the properties of the crystalline forms that can have
profound effects on the product into which a fat is formulated. For instance, small crystals
enhance aeration properties in fats. Therefore, the o-form is desired in fats used in cake
batters, whipped toppings, and other products where aeration is important. Small crystals
make high volume, fine-grained cakes, whereas larger crystals make flaky pie crusts (Anon.,
1994b).

In baked products, one of the most important functions of fat is its ability to tenderize.
Fat is capable of interfering with gluten development during mixing. Gluten is predominantly
responsible for the unique bread making properties in wheat flour upon hydration (Pyler,
1983). Fat is insoluble in water, and therefore is absorbed on the surface of the gluten proteins,
thus interfering with the full hydration capacity of the gluten. As a result, the fat prevents such
a cohesive gluten structure from developing, a trait essential in many baked goods (Bennion,

1990b; Penfield and Campbell, 1990c).



Fat also contributes to the incorporation and retention of air in the form of small
bubbles throughout a batter. Serving as gas cell nuclei into which carbon dioxide and steam
diffuse through during baking, these bubbles have an affect on the volume of a product. With
respect to batter viscosity, air finely dispersed by fat enhances the batter viscosity. Increased
viscosity, up to a certain point, increases gas retention (Penfield and Campbell, 1990c).

Fat plays different roles in various foods and enables such foods to be flavorful and
rich. Due to health concerns, however, the consumption of fat containing products has
decreased. The Calorie Control Council (CCC) reported that four out of five Americans (152
million) consumed low-calorie, sugar-free, and/or fat-reduced foods and beverages in 1992.
Improving overall health was their main objective, with half of these people choosing these
foods for everyday consumption and not just some special diet. The CCC also reported that
519 new low fat/low-cholesterol foods were introduced in 1992, a 39% gain over 1991
(Alexander, 1995). The consumption of low fat foods is definitely on the rise. By developing
alternative ingredients such as fat replacements that can produce the organoleptic
characteristics similar to real fat, reducing fat intake can be achieved. Fat substitutes can enable
people to reduce the amount of high fat foods consumed while preserving basic food selection
patterns. Good tasting foods containing fat replacements may promote the gradual acquisition

of a preference for lower-fat foods (Anon., 1991).

2.2 Fat Substitutes - Definition

The term fat substitute implies that a substance, when used as a replacement for the

traditional fat contained in a food, has certain desirable physical or organoleptic properties of



the fat that it replaces while lacking undesirable properties of this fat (Vanderveen and
Glinnsman, 1992). Although many consumers tend to consider fat substitutes as comprising a
single entity, they clearly represent a wide range of chemical sources with a diverse array of
sensory and functional properties (Hassel, 1993). Ingredients that serve as a partial or
complete replacement of fat fall into three major categories: lipid based, protein based, and

carbohydrate based (Hassel, 1993; Anon., 1991).

2.2A. Lipid Based Fat Substitutes

Lipid based fat substitutes comprise lipids that possess functional and sensory
properties similar to those fats they are intended to replace. Ironically, the use of some of these
compounds is under considerable scrutiny due to concerns regarding toxicity and metabolism
at macronutrient levels. Caprenin, which is a Generally Recognized as Safe (GRAS) food
product, is an example of a lipid based fat substitute. It is a reduced calorie triglyceride formed
by the esterification of glycerol with three naturally occurring fatty acids: caprylic, capric, and
behenic. While other dietary fats contain 9 kilocalories per gram, caprenin supplies 5
kilocalories per gram. This fat substitute, which shares similar functions to those fats found in
cocoa butter, can replace some of the cocoa butter in soft candy and confectionery coatings.
Caprenin is digested, absorbed, and metabolized by the same pathways in the body as other
triglycerides (Anon., 1991). Olestra is another example of a lipid based fat substitute that is
more common to the public. It has been researched extensively. Although this compound is
produced by the esterification of sucrose with six to eight long chain fatty acids from edible

oils, it is not perceived as being sweet. Olestra is similar to fat in appearance, taste, texture,



and function in foods. It can also be used in frying, cooking, and baking (Anon., 1991). Lipid
based fat substitutes are resistant to digestive lipases, thus the compounds are not available for
absorption. This is how they acquire their reduced calorie functionality. As a result though,
the amount of lipid based fat substitute consumed is excreted, providing a hydrophobic
environment. This can possibly reduce the absorption of vital fat-soluble nutrients (Hassel,

1993).

2.2B. Protein Based Fat Substitutes

Protein based fat substitutes are derived from proteins found in eggs, milk, and other
foods. Simplesse is a popular example, which received GRAS status in 1988. This compound
is produced from milk and/or egg protein by a patented process called microparticulation. It is
the blending or shearing technique that shapes the protein gel into spheroidal particles to the
extent that they are perceived as a rich, creamy fluid similar to fat rather than the rough, large

particles normally associated with coagulated proteins (Hassel, 1993).

2.2C. Carbohydrate Based Fat Substitutes

Carbohydrate based fat substitutes have been incorporated into many products for
quite some time. There are approximately 40 different starch based products that have been
recommended for use as fat substitutes, with most of them being introduced in the early 1990's.
Dextrins, modified food starches, polydextrose, and gums are just a few examples. There are
several reasons for using starches. They are heat stable, therefore they can be used in baking.

When starch 1s gelatinized, it acquires a smooth and creamy consistency. In addition, an



"elastic-like" gel structure is formed, which results in lubricant or flow properties similar to
those of fats in some food systems (Hassel, 1993). These features make starch based
formulations ideal candidates for fat substitutes. It has been postulated that fat mimicking
properties of carbohydrates result from an association of water with the structure of the
carbohydrate particle. The ideal carbohydrate fat mimetic will likely possess a structure which
strongly binds and orients water in such a way as to provide a sensation which is identified with

the rheology of fat in the oral cavity (Yackel and Cox, 1992).

2.2C1. Carbohydrate Based Fat Substitutes: METHOCEL® Food Gums

An example of a carbohydrate based fat replacer is METHOCEL® food gums.
Produced by Dow Chemical, these gums are derived from cellulose, the most abundant
polymer in nature. Two different forms are available: methylcellulose (MC) and hydroxypropyl
methylcellulose (HPMC). Although both have a polymeric backbone of cellulose, each form
has different substitutions, which has a profound effect on the properties of the different
products. While methylcellulose contains methoxyl groups, hydroxypropyl methylcellulose has
different ratios of hydroxypropyl to methoxyl substitution (Anon., 1993).

Both METHOCEL® products are accepted forms of food additives by the USDA and
FDA. Methylcellulose has also received GRAS status from the FDA. These products have
approved use in a variety of baked goods such as cakes, muffins, and yeast products. In

reduced-fat baked goods, as in higher fat baked products, METHOCEL® gums have



contributed to improved baked structure, texture, and appearance (Busetti, 1995; Anon,
1993).

Improved structure of baked goods can be attributed to these gums, which act as
surface active polymers that entrap and stabilize air or carbon dioxide bubbles in foods. They
can retain moisture in baked products since they are hydrophilic polymers, and help prevent
phase separation even under freeze/thaw conditions. This is very important with respect to the
keeping quality (i.e., shelf life) of the product.

METHOCEL® food gums are non-ionic, therefore they will not complex with minerals
or other components in food systems. The flavor of baked goods with one of these products is
not adversely affected, for these gums are virtually tasteless and odorless. Not only can they
replace fat in baked goods, but they do not contribute any calories either because
METHOCEL® gums are indigestible (Anon., 1993). This is another reason to use this product
as opposed to other fat substitutes, which can add even more calories to a product. Many
consumers have begun to realize that just because a product is lower in fat does not necessarily
mean that it is lower in calories. The amount of fat and calories are two critical components in
baked products, and borh have to be taken into consideration when reformulating baked goods.
Having a product that is fat-free, yet containing the same amount of calories as the full-fat

version is a gimmick to the general consumer (Busetti, 1995).

2.3 Enzymes

There are several enzymes that are present in flour, with the most important being the

carbohydrases, mainly a- and -amylases. Other flour enzymes include proteolytic enzymes,
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oxidative enzymes, lipase, and phytase (Penfield and Campbell, 1990d). Proteases cleave the
peptide bonds in proteins, thus breaking them down into amino acids. As a result, proteolysis
brings about significant alterations in both the chemical and physical properties in proteins
(Drapron and Godon, 1987). In flour, proteases act on gluten, thus increasing the
machinability of the dough and the overall bread quality. Other enzymes such as lipoxidase are
important because they contribute to flour bleaching, while phytase hydrolyzes phytic acid,

preventing its tying up of divalent metallic ions (Penfield and Campbell, 1990d).

2.3A. Amvylases

Amylases are found in different cereals, fungi, bacteria, and mammals. Cereal -
amylases possess properties similar to fungal or bacterial sources, however they are quite
different. These dissimilarities have a profound effect in baking. For instance, cereal a-
amylases are more heat stable than fungal oi-amylases, yet they are less heat stable than
bacterial ai-amylases. Thus, whereas fungal or cereal amylases may be used as a supplement to
enhance and sustain gas production, use of bacterial a-amylase can lead to excess
dextrinization during the baking process, because of its high thermal stability. As a result, the
bread quality will be negatively affected (Drapron and Godon, 1987).

Cereal oi-amylases are endoenzymes that cleave the a- (1— 4) D-glucosidic linkages in
native, undamaged starch components (Drapron and Godon, 1987). The amount of this
enzyme present varies depending on the growth stage of the cereal; whether it is immature,

resting, or germinated. In wheat, a-amylase can be identified shortly after flowering and will
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continue to increase until late-maturity. With further maturation and desiccation, the
concentration of oi-amylase decreases.

Cereal -amylases, which are exoenzymes, alternate o-(1— 4) D-glucosidic linkages in
starch components in a stepwise fashion from the non-reducing end, resulting in the production
of B-maltose (Drapron and Godon, 1987). When the enzyme comes in contact with an o~-(1-
6) region, activity ceases. The amount of [3-amylase contained in the endosperm increases
throughout wheat kermel development. Upon germination of wheat, the level of B-amylase has
proliferated greatly. There are several forms of this enzyme as a result of genetic variation, and
due to the fact that multiple forms may associate by disulfide bonds (Drapron and Godon,
1987; Schuster and Adams, 1984). [3-amylase attaches only to damaged starch granules and is
present is all wheat.

Both o~ and - amylases play a significant role in the overall effect on the outcome and
quality of different products. In wheat flour, for instance, a certain amount of both forms of
these enzymes are necessary to produce an adequate amount of fermentable sugars needed for
gas production in bread making. However, if the amount of enzymes are produced in excess,
they have a deleterious effect on bread, yielding a sticky loaf of bread. On the other hand,
abundant amounts of carbohydrates are required in the brewing industry in order to ensure the
maximum production of fermentable sugars (Drapron and Godon, 1987; Minor, 1984).

With respect to bread making, amylolytic activity begins as soon as it comes in contact
with liquid. At this stage of dough making, the temperature is quite low and therefore the rate

of enzyme activity is not affected to a great degree. Some of the liquid is associated with the
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starch, but the liquid is also distributed among insoluble proteins, pentosans, and yeast
(Drapron and Godon, 1987). The a-amylase, although at a low rate, can hydrolyze some of
the undamaged starch granules. However, both o~ and B-amylase can attack the damaged
granules. More granules are damaged in hard wheat flours as opposed to soft wheat flours
because more pressure is required to fracture the hard endosperm. Therefore, hard wheat
flours used in bread making are more susceptible to amylase attack during dough making.
Amylase activity also leads to dextrins, which have an effect on water-holding ability and
porosity of the dough as well as on bread softness. An excessive dextrin production, from
flour originating from germinated wheat, can result in a sticky dough (Drapron and Godon,
1987).

During the baking process, amylolytic activity continues until the enzymes are
thermally deactivated. Both forms of amylase have a synergistic effect on amylolysis, although
the rate of hydrolysis depends on the ratio of enzymes. If there is a significant proportion of o~
and 3-amylase, not all of the oligosaccharides produced are consumed for carbon dioxide
production. As a result, some of those enzymes, located within the crumb, contribute to its
taste. Enzymes on the surface of the bread participate in Maillard browning reactions, thereby
producing color and flavor in the crust. Amylases are incorporated into a flour mixture when
amylolysis is deficient. Although sound wheat flours usually contain an adequate level of -
amylase, the level of a-amylase is not sufficient though to produce a highly acceptable bread.

As a result, exogenous amylases derived from fungal and bacterial sources, are being used to
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supplement flour and improve bread quality (Drapron and Godon, 1987; Schuster and Adams,

1984).

2.3B. Effect of Amylases on Staling

Exogenous amylases, when added to a dough mixture, can delay the onset of
retrogradation in baked goods. This occurs when the amylopectin molecules, one of the main
components of starch, begin to tightly align themselves. Water is thus forced out, and the
product becomes more firm. Prolonging the shelf life of bread and other baked products is
very important, especially since a large amount of such goods get thrown away each year as a
result of staling. In 1988, it had been estimated that up to 8% of all fresh baked goods were
returned as stale and unsalable (Knightly, 1988). Bacterial oi-amylase, a heat stable enzyme,
has the ability to dextrinize a starch fraction after baking. This amylase breaks down some
amorphous sites located between the crystalline areas of the gelatinized starch, separating them
from each other and thereby reducing the rigidity of the starch network (Drapron and Godon,
1987). The incorporation of this enzyme can help maintain moisture, improve crumb softness,

and reduce crumbling.

2.3C. Research on Fungal and Bacterial Enzymes

Fungal a-amylase can also delay the staling of bread and other leavened cereal
products. In 1992, Cole (Drapron and Godon, 1987) discovered that when a-amylase was

distributed throughout a concentrated sugar solution, the amylase could delay the onset of
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staling because the medium would protect the enzyme against thermal denaturation. In one
study by Valjakka et. al. (1994), the effects of raw-starch digesting enzyme (RSDE) on bread
firming properties were compared to those of an emulsifier and bacterial and fungal enzymes.
Flour containing 12% protein was used and starch damage was 5.4% of flour. Hydrated
monoglycerides served as the emulsifier, and a bacterial, fungal, and a fungal RSDE were
employed. The bacterial enzyme inhibited the firming rate of bread. Both the fungal enzyme
and the RSDE decreased the initial bread firmness, although the rate of firming was not
affected. When an enzyme was used in conjunction with an emulsifier, the bread was less firm
than bread in which these additives were used separately. The results show that the
incorporation of the enzymes did decrease the rate of staling, although each form affected the
firmness differently.

Another study by Akers and Hoseney (1994) used high-performance anion-exchange
chromatography (HPAEC) to separate the water-soluble dextrins extracted from bread (c-
amylase supplemented and unsupplemented) that had been aged for five days. The relationship
between the soluble dextrins and the rate of bread firming was the primary objective of the
study. Seven a-amylases were used. Two fungal o-amylases were cultured from 4. oryzae,
and four bacterial o-amylases (Bacillus strain) were used in various amounts. One enzyme
was a cereal malt amylase. Two of the fungal amylases and one bacterial a-amylase
significantly reduced the rate of firming when compared to the standard bread. Three of the
bacterial amylases had a profound effect on inhibiting the firming rate of the bread compared to

the other treatments. The peaks obtained in the chromatograms, representing the extracted
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water-soluble dextrins from the bacterial and a-amylase treated bread were associated with a

reduced rate of firming. The results of this study indicated that all of the bacterial enzymes did
not produce the same amount of the similar dextrins, and the extent to which they reduced the
staling rate differed. However, the dextrins that were produced by the amylases are important

in controlling the rate of bread firming.

2.4 Emulsions

An emulsion is a system consisting of two immiscible substances, one finely
dispersed into the other. There are two phases that are present in an emulsion: the
dispersed phase and the continuous phase. The dispersed phase constitutes the substance
which is distributed as droplets ranging from 0.1 to 50 um (Nawar, 1985). The
continuous phase is the medium in which the dispersed phase is suspended. When two
immiscible substances are mixed together, the interfacial tension between them becomes
incredibly large. Due to the large positive free energy at the interface, emulsions, as a
result, are thermodynamically unstable (Nawar, 1985). The stability of an emulsion is
therefore dependent upon the extent of mixing it has been subjected to and the presence of
emulsifiers (Anon., 1995).

The two most common types of emulsions in the food industry are water in oil
(W/0) and oil in water (O/W) emulsions, although other kinds of emulsions such as liquid
and gas, liquid and liquid, and liquid and solid exist (Anon., 1995). A W/O emulsion is an
emulsion in which the water phase is dispersed into the oil phase. Examples of W/O

emulsions are butter, margarine, and icings. In an O/W emulsion, oil is dispersed into a
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water phase. Mayonnaise, salad dressings, and cake batters are forms of O/W emulsions
(Anon., 1995).

Many emulsions occur naturally in foods such as milk, cream, and egg yolk. The
fat in these foods are in the form of droplets throughout the watery portion. Emulsions
are also formed during food processing and preparation. A large input of energy is
required in the manufacturing of emulsions. Work is necessary to divide the fat into tiny
droplets, therefore it is critical that the fat globulés, and thus the emulsion, are protected
against destabilization (Bennion, 1990a).

Due to the increase in tension that occurs between two immiscible substances
when they are mixed together, they are highly unstable. Emulsions tend to destabilize by
one, or a combination of, three mechanisms: (1)creaming, (2)flocculation, and
(3)coalescence. Creaming results in the separation of the two phases based on density
from the action of gravitational force. Flocculation is the movement, or clustering, of the
dispersed droplets. The main reason for flocculation is due to an inadequate electrostatic
charge at the globular surface. Coalescence is the most serious form of destabilization.
This occurs when the droplets aggregate and rupture the interfacial film, thus breaking the

emulsion (Nawar, 1985).

2.5 Emulsifiers

In order to maintain a stable emulsion, coalescence must be prevented through the
usage of emulsifiers. The functions that emulsifiers perform in food products make them

an asset to the food industry. They not only stabilize emulsions, but foams and
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suspensions as well. They have a substantial effect on texture, serving as texture modifiers
which interact with polymers such as starch and protein. Emulsifiers can also modify the
crystallization of lipids (Anon., 1994a; Dziezak, 1988; Shepard and Yoell, 1976).
Emulsifiers are substances that have the ability to lower the interfacial tension that
exists between two normally immiscible phases, allowing them to mix and form an
emulsion (Stampfli and Nersten, 1995; Anon., 1994a; Dziezak, 1988). Emulsifiers can
exert such behavior because of their molecular structure. Characterized as being
“amphiphilic” molecules, emulsifiers possess both hydrophilic and lipophilic moieties. The
presence of these two moieties enable emulsifiers to perform such functions. The
hydrophilic, or “water-loving” portion of the molecule, consists of various polar groups.
A polar group is a functional group containing either a hydroxyl and/or a carboxyl group.
The electron distribution that exists among this group causes the molecule to have a
considerable dipole moment. This functional group brings about the affinity to other polar
liquids, such as water, and thus the hydophilic character of the compound. The lipophilic,
or “fat-loving”, portion of the molecule consists of hydrocarbons that may be branched,
straight-chained, or cyclic. Since no electronegative atoms are part of this portion, the
electron distribution present does not contribute to the dipole moment. The nonpolar
character of the molecule attracts other nonpolar liquids, especially organic solvents
having low polarity such as oil (Dziezak, 1988; Schuster and Adams, 1984; Del Vecchio,

1975).
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2.5A. Examples of Emulsifiers

Hundreds of emulsifiers are available in the food industry today. However, there
are several forms of emulsifiers that are commonly employed in foods. The most common
types of food emulsifiers are:

(1) Mono- and diglycerides (MDG)
(a) Glycerol esters
(b) Distilled glycerol esters
(2) Propylene glycol esters
(3) Sorbitan esters
(4) Polyoxyethylene sorbitan esters
(5) Polyglycerol esters
(6) Ethoxylated esters
(a) Ethoxylated monoglycerides
(b) Ethoxylated fatty acids
(7) Lactated esters
(a) Lactylate esters
(b) Lactic acid derivatives

(8) Lecithin and lecithin derivatives

(9) Miscellaneous esters (Nash and Brickman, 1972)
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2.5B. Applications of Mono-and Diglycerides (MDG's), Diacetyl Tartaric Acid Esters
of Monoglycerides (DATEM), and Sodium Stearoyl-2-Lactylate (SSL)

2.5B1. MDG's

Mono-and diglycerides and their derivatives are used in a variety of food products
including baked goods, dairy products, frostings, and frozen desserts. In baked goods these
emulsifiers function as dough conditioners and/or crumb softeners in bread and rolls, and

aerating agents in cake mixes (Henry, 1995; Krog, 1981).

2.5B2. DATEM

Diacetyl tartaric acid esters of monoglycerides is used in such applications as bakery
products, extruded products (cereals, pastas), icings, and margarines. This emulsifier is an

effective dough conditioner, as well as a crumb softener (Henry, 1995, Dziezak, 1988).

2.5B3. SSL
Sodium stearoyl-2-lactylate, the most hydophilic emulsifier in the food industry, is used
principally as a dough conditioner in a number of baked products. It is also an effective crumb

softener (Dziezak, 1988).




























































































































































































































































