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ABSTRACT
E m u l s i f i e r s are wide ly u s e d in f o o d s in o r d e r t o

achieve t h e t e x t u r e , t a s t e , appearance a n d s h e l f life
characteristics d e s i r e d by t o d a y ' s c o n s u m e r s . A
relatively l i m i t e d n u m b e r o f fat-based e m u l s i f i e r s i s
u s e d a l o n e a n d in v a r i o u s c o m b i n a t i o n s t o provide
t h e s e characteristics. B a k e r y p r o d u c t s is one o f the
more i m p o r t a n t f o o d a r e a s u t i l i z i n g e m u l s i f i e r s , a n d
b r e a d is the most i m p o r t a n t f o o d w i t h i n this class.
The use o f d o u g h c o n d i t i o n e r s a n d softeners in b r e a d
represents one o f the largest m a r k e t s f o r f a t - b a s e d
emulsifiers. Therefore, the e m p h a s i s in this p a p e r is
o n t h o s e f a t - b a s e d emulsifiers u s e d in the m a n u f a c -
ture o f b r e a d . T o a l e s s e r e x t e n t , t h o s e emulsifiers
u s e d in o t h e r b a k e r y p r o d u c t s will also be covered.

INTRODUCTION
The f o o d i n d u s t r y is the single largest i n d u s t r i a l con-

s u m e r o f f a t - b a s e d emulsifiers. O f a n e s t i m a t e d 4 5 0 million
p o u n d s o f f a t t y a c i d e s t e r type e m u l s i f i e r s p r o d u c e d in
1 9 7 5 , the f o o d i n d u s t r y c o n s u m e d a l m o s t 205 million
p o u n d s . This far e x c e e d s the a m o u n t c o n s u m e d by any
o t h e r i n d u s t r i a l s e g m e n t .

I f the f o o d i n d u s t r y is f u r t h e r b r o k e n down by b r o a d
m a r k e t s e g m e n t , it will be f o u n d that the b a k i n g i n d u s t r y is
not only one o f the l a r g e s t o f the s e g m e n t s , it also easily
a c c o u n t s for the largest portion o f all f a t - b a s e d food
emulsifiers u sed . It is, therefore, appropriate t o concentrate
on the b a k i n g i n d u s t r y in this d i s c u s s i o n o f the t y p e s o f
f o o d e m u l s i f i e r s a n d t h e i r f u n c t i o n in the f o o d i n d u s t r y .
A l t h o u g h the b a k i n g i n d u s t r y in t o t a l c o n s i s t s o f a vast
n u m b e r o f p l a n t s p r o d u c i n g everything from b r e a d to c a k e s
a n d icing-topped s w e e t r o l l s , the p r o d u c t i o n o f b r e a d a n d
r o l l s e a s i l y c o n s t i t u t e s t h e l a r g e s t v o l u m e o f p r o d u c t s . In
1 9 7 2 , the t o t a l b r e a d p r o d u c e d in the U n i t e d S t a t e s was
approximately 11 billion p o u n d s . A d d i t i o n a l l y , approxi-
m a t e l y 3.5 billion p o u n d s o f r o l l s w e r e p r o d u c e d .

I n the y e a r s o f ou r g r a n d p a r e n t s , a l m o s t all o f the b r e a d
c o n s u m e d was p r o d u c e d in s m a l l , l o c a l b a k e r i e s o r at h o m e .
N o w , h o w e v e r , a l m o s t all b r e a d is p r o d u c e d in l a r g e ,
high s p e e d m a n u f a c t u r i n g p l a n t s a n d then d i s t r i b u t e d over
wide geographical areas. T h u s the use o f e m u l s i f i e r type
p r o d u c t s in the b a k i n g i n d u s t r y h a s b e c o m e increasingly
important to a s s i s t in overcoming s o m e o f the p r o b l e m s
g e n e r a t e d by t h e s e c h a n g i n g m a n u f a c t u r i n g a n d d i s t r i b u t i o n
patterns. D o u g h c o n d i t i o n e r s a n d s o f t e n e r s are n o w u s e d in
the m a j o r i t y o f the b r e a d p r o d u c e d in this c o u n t r y , a n d this
therefore constitutes one o f the largest m a r k e t s for fa t -
b a s e d f o o d emulsifiers. This d i s c u s s i o n t h e r e f o r e f o c u s e s on
t h o s e e m u l s i f i e r s u s e d in t h e p r o d u c t i o n o f b r e a d with a
more l i m i t e d d i s c u s s i o n o f e m u l s i f i e r s u s e d in o t h e r f o r m s
o f b a k e r y p r o d u c t s .

HISTORY
A l t h o u g h " d o u g h e m u l s i f i e r " is n o w g e n e r a l l y r e c o g -

n i z e d to be a m i s n o m e r w h e n u s e d to desc r ibe the f u n c t i o n
o f s u r f a c t a n t s in b r e a d , it is still wide ly u s e d t o d a y . The
term p r o b a b l y has its o r i g i n s in the fact that m o n o - a n d
d i g l y c e r i d e s w e r e , a l o n g w i t h lecithin, the f i r s t f a t - b a s e d
surfactants t o be u s e d in b r e a d . In the 1 9 3 0 s , it was dis-
c o v e r e d that incorporation o f m o n o g l y c e r i d e s in s h o r t e n i n g
e n a b l e d the b a k e r to p r o d u c e c a k e s w i t h h i g h e r r a t i o s o f
s u g a r t o f l o u r than h a d b e e n heretofore p o s s i b l e . T h e s e
shortenings w e r e therefore c a l l e d high r a t i o shortenings.
B e c a u s e t h e monoglycerides f u n c t i o n e d as emulsifiers in

t h e s e s y s t e m s , w h e n the s a m e p r o d u c t s f o u n d t h e i r w a y
into b r e a d s y s t e m s , i t was n a t u r a l that they be c o n s i d e r e d
" d o u g h e m u l s i f i e r s . " T h e s e " e m u l s i f i e r s , " w h e n i n c o r -
p o r a t e d into b r e a d s y s t e m s , w e r e f o u n d to p r o d u c e a s o f t e r
p r o d u c t w i t h r e d u c e d s t a l i n g tendencies. Initially o f l e s s e r
i m p o r t a n c e , as the b a k i n g i n d u s t r y g r e w t o w a r d the l a r g e r
w h o l e s a l e b r e a d - m a n u f a c t u r i n g plants, d i s t r i b u t i o n t i m e s
b e c a m e significantly l o n g e r , a n d the s o f t e n i n g a n d s t a l i n g
r e t a r d i n g f u n c t i o n s of the m o n o g l y c e r i d e s b e c a m e in-
creasingly important . In a d d i t i o n to the l o n g e r d i s t r i b u t i o n
t i m e s , t h e c o n s u m e r ' s t a s t e was c h a n g i n g t o w a r d the s o f t e r
w h i t e b r e a d s . Most o f the b r e a d p r o d u c e d t o d a y c o n t a i n s at
l e a s t s o m e monoglycerides.

At the same t ime that the i m p o r t a n c e o f bread-softening
e m u l s i f i e r s was g r o w i n g , c h a n g i n g m a n u f a c t u r i n g t e c h -
n i q u e s w e r e l e a d i n g to the development o f a n o t h e r type o f
f a t - b a s e d s u r f a c a n t , the dough c o n d i t i o n e r o r strengthener,
a s it i s n o w k n o w n , t t i g h s p e e d m i x i n g e q u i p m e n t a n d
a u t o m a t e d p r o d u c t i o n t e c h n i q u e s were b e i n g i n t r o d u c e d in
o r d e r t o p r o d u c e the l a rge v o l u m e s o f b r e a d r e q u i r e d by the
n e w e s t m e r c h a n d i s i n g m e t h o d , the supermarket. This
e q u i p m e n t a n d t e c h n i q u e s p l a c e d i n c r e a s i n g d e m a n d s on
dough s y s t e m s . Lot-to-lot variations in f l o u r q u a l i t y a n d
increasing m e c h a n i c a l a b u s e l e d t o a g o o d d e a l o f u n s a t i s -
f a c t o r y b r e a d b e i n g p r o d u c e d . V o l u m e o f the b r e a d was
inconsistent as w e r e the internal a n d e x t e r n a l appearances,
t h e r e b y l e a d i n g to c o n s u m e r dissatisfaction a n d p r o d u c t i o n
difficulties. T h e s e f a c t o r s l e d to the s e a r c h f o r a d d i t i v e s
that w o u l d e n a b l e the l a rge b a k e r to m a n u f a c t u r e the
q u a l i t y o f b r e a d d e m a n d e d a n d to do so as r a p i d l y a n d as
consistently as p o s s i b l e . T h e s e research efforts l e d to the
wide v a r i e t y of s u r f a c t a n t s c u r r e n t l y in use by the b a k i n g
i n d u s t r y .

T h o s e s u r f a c t a n t s w h i c h are c o m m o n l y u s e d for t h e i r
dough-strengthening properties in b r e a d a n d o t h e r b a k e d
p r o d u c t s inc lude Polysorbate 60 , c a l c i u m stearoyl-2-
lactylate, lactylic stearate, s o d i u m stearoyl f u m a r a t e ,
s u c c i n y l a t e d m o n o g l y c e r i d e , s o d i u m stearoyl-2-1actylate,
a n d e t h o x y l a t e d m o n o - a n d diglycerides. O t h e r s u r f a c t a n t s
presently p e r m i t t e d by the F o o d a n d D r u g Administration
f o r use in b r e a d inc lude lecithin, h y d r o x y l a t e d lecithin,
m o n o - a n d diglycerides, d i a c e t y l tartaric acid esters of
m o n o - a n d d i g l y c e r i d e s , a n d p r o p y l e n e g l y c o l m o n o - a n d
d i e s t e r s .

With the e x c e p t i o n of m o n o - a n d d i g l y c e r i d e s , t h e s e
o t h e r s u r f a c t a n t s are l i t t l e u s e d in b r e a d in the U n i t e d
S t a t e s at the p r e s e n t t i m e . It is interesting t o no te that
many o f the s u r f a c t a n t s u s e d a r e d i r e c t derivatives o f m o n o -
a n d diglycerides. O t h e r s have closely r e l a t e d m o l e c u l a r
s t r u c t u r e s . It s h o u l d also be n o t e d t h a t , While the principal
f u n c t i o n o f the p r o d u c t s in d o u g h s y s t e m s i s n o t that o f
emulsification, m a n y o f the p r o d u c t s are in fact excellent
e m u l s i f i e r s a n d are u s e d as s u c h in o t h e r t y p e s o f f o o d
s y s t e m s .

A s p r e v i o u s l y m e n t i o n e d , the s u r f a c t a n t s u s e d in t h e
m a n u f a c t u r e o f b r e a d are generally classified into t w o
categories: dough strengtheners, a n d b r e a d softeners. Most
o f the p r o d u c t s will f u n c t i o n t o v a r y i n g d e g r e e s a s b o t h
s o f t e n e r s a n d strengtheners. However, c e r t a i n emulsifiers
s u c h as m o n o g l y c e r i d e s f u n c t i o n a l m o s t exclusively as
s o f t e n i n g a g e n t s w h i l e o t h e r s , s u c h a s e t h o x y l a t e d m o n o -
g l y c e r i d e s , have very effective s t r e n g t h e n i n g properties a n d
little s o f t e n i n g effect.

Bread Softeners

B r e a d s o f t e n e r s are a d d e d to dough s y s t e m s for t w o
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FIG. 1 . Graphic illustration of the role of starch fraction during the baking and aging of bread.

main r e a s o n s : t o make the f i n i s h e d loaf o f b r e a d s o f t e r
initially, a n d to r e t a r d the rate o f staling. The s t a l i n g o f
b r e a d is a c o m p l e x p h e n o m e n o n generally characterized by
a g r a d u a l loss o f flavor, a t o u g h e n i n g o f the c r u s t a n d a
f i r m i n g o f the ins ide or c r u m b . Not m u c h can be d o n e
a b o u t the flavor l o s s , but the f i r m i n g o f the c r u m b can be
significantly r e t a r d e d by the use o f b r e a d softeners. This
f i r m i n g p h e n o m e n o n is generally r e g a r d e d as b e i n g r e l a t e d t o
the crystallization r a t e s o f the s t a r c h fractions in the f l o u r .
A l t h o u g h the mechanism b e h i n d the effect o f b r e a d
softeners i s s t i l l not entirely k n o w n , it is generally t h o u g h t
that c e r t a i n m o l e c u l a r configurations c o m p l e x with the
l i n e a r o r a m y l o s e fraction o f s t a r c h to f o r m h e l i c a l com-
p l e x e s c a l l e d clathrates. F o r m a t i o n o f this c o m p l e x then
a f f e c t s the m o b i l i t y o f the a m y l o s e a n d prevents it from
leaving the s w o l l e n s t a r c h g r a n u l e s a n d a c t i n g as a crystal-
line type o f " g l u e . "

F i g u r e 1 is an illustration of this p r o p o s e d s t a l i n g
m e c h a n i s m . A s can be seen in e x a m p l e " A , " w a t e r s o l u b i -
l i z e s a n d then extracts the a m y l o s e starch fraction from the
s w o l l e n starch g r a n u l e s . A f t e r c o o l i n g , the a m y l o s e fraction
crystallizes b e t w e e n the starch g r a n u l e s to give a r ig id
s t r u c t u r e . In e x a m p l e " B , " the monoglyceride s u r f a c t a n t
c a u s e s the a m y l o s e t o form a h e l i c a l c o m p l e x w h i c h is then
less c a p a b l e o f b e i n g s o l u b i l i z e d a n d e x t r a c t e d d u r i n g
cooking.

In a d d i t i o n to the starch-complexing properties o f b r e a d
softeners, they can also have an e f f e c t o n the m o i s t u r e
d i s t r i b u t i o n b e t w e e n the p r o t e i n a n d s t a r c h fractions o f a
f o o d s y s t e m . A d e c r e a s e in the a m o u n t o f w a t e r i m b i b e d by
the s t a r c h m a k e s more w a t e r available for h y d r a t i o n o f the
g l u t e n , a n d this too is t h o u g h t to c o n t r i b u t e to s t a l i n g
retarding.

Dough Strengtheners
D o u g h strengtheners, on the o t h e r h a n d , are a d d e d to

p e r f o r m a d i f f e r e n t type o f f u n c t i o n . These p r o d u c t s are
generally t h o u g h t to b i n d principally to the p r o t e i n fraction
in f l o u r , the g l u t e n . The g l u t e n f r a c t i o n i s responsible for
p r o v i d i n g the initial elasticity a n d gas-holding capabilities o f
the b r e a d p r i o r to the a c t u a l b a k i n g . This elasticity i s a
f u n c t i o n o f the q u a l i t y a n d q u a n t i t y o f protein in the b r e a d
a n d is a f f e c t e d by s u c h things as m i x i n g t i m e , s p e e d , a n d
the mechanical a b u s e to w h i c h the dough is s u b j e c t e d .
D o u g h strengtheners are a d d e d t o as s i s t in evening out the
a b o v e variables to e n a b l e the b a k e r to provide a consis-
t e n t l y high q u a l i t y l o a f o f b r e a d .

Strengtheners apparently f u n c t i o n by f o r m i n g a l o o s e
type o f h y d r o g e n b o n d e d c o m p l e x w i t h the v a r i o u s p r o t e i n
fractions of the g l u t e n . T h e s e c o m p l e x e s then apparently
a f f e c t the interaction b e t w e e n the n a t u r a l l y o c c u r r i n g f l o u r
l i p i d s a n d the o t h e r constituents o f f l o u r . In the case of
c e r t a i n dough strengtheners, they m a y also f u n c t i o n to
s o m e h o w p r o v i d e a " c o u p l i n g " a c t i o n b e t w e e n the s t a r c h
a n d p r o t e i n f l o u r fractions.

F i g u r e 2 is a n illustration o f the p o s s i b l e w a y that one
type o f dough strengthener, the acyl lactylates, may com-
plex with p r o t e i n fractions. It can be seen that b e c a u s e o f
the particular m o l e c u l a r c o n f i g u r a t i o n s o f the s u r f a c t a n t
a n d the protein fractions, the p o s s i b i l i t y e x i s t s for s t r o n g
h y d r o g e n b o n d i n g . O t h e r dough strengtheners m a y com-
plex in a s i m i l a r fashion. A l t h o u g h a n u m b e r o f s t u d i e s have
b e e n m a d e w h i c h d e m o n s t r a t e that c o m p l e x i n g t a k e s p l a c e ,
l i t t l e w o r k has b e e n d o n e at p r e s e n t t o i d e n t i f y the s t r u c -
ture o f the c o m p l e x itself. In any e v e n t , the interaction o f a
s u r f a c t a n t w i t h g l u t e n serves to m a k e the r e s u l t i n g dough
d r i e r , more p l i a b l e a n d extensible, a n d with i n c r e a s e d gas
retention properties. This then t e n d s to give a b r e a d w i t h
i n c r e a s e d v o l u m e a n d a more finely g r a i n e d c r u m b . V a r i a -
t i o n s in b r e a d q u a l i t y due t o lot-to-lot differences in
i n g r e d i e n t s are e v e n e d out. In a d d i t i o n , potentially a d v e r s e
e f f e c t s b e c a u s e o f mechanical p r o c e s s i n g are r e d u c e d .
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FIG. 2 . Acyl lactylate complex with protein.

T H E S U R F A C T A N T S

M o n o - and Diglycer ides

The m o s t wide ly u s e d o f the f a t - b a s e d e m u l s i f i e r s in
b r e a d , as in o t h e r f o o d s y s t e m s , are the m o n o g l y c e r i d e s .
T h e s e are c o m m o n l y r e f e r r e d t o as m o n o - a n d d i g l y c e r i d e s
b e c a u s e they are usua l ly s o l d in v a r i o u s combinations.
H o w e v e r , the a c t u a l f u n c t i o n a l emulsifier is only the
m o n o g l y c e r i d e p o r t i o n o f the m i x t u r e . In a d d i t i o n , the o n e
o r a - m o n o g l y c e r i d e is significantly m o r e f u n c t i o n a l than
the t w o or/3-monoglyceride.

In g e n e r a l , m o n o g l y c e r i d e s c o m p r i s e a g r o u p of t h r e e
t y p e s , the 4 0 , 60 , a n d 90% a-monoglycerides. The b a l a n c e
in each case r e p r e s e n t s di- a n d triglycerides. T h e s e p r o d u c t s
are u s e d in b r e a d principally t o i m p a r t initial s o f t n e s s a n d
to r e t a r d staling. They have little dough-strengthening
effect.

Monoglyceride can be p r e p a r e d by the d i r e c t esterifica-
tion o f a s e l e c t e d f a t t y acid w i t h glycerol. D e p e n d i n g on
the proportions o f g l y c e r o l a n d f a t t y a c i d used , v a r i o u s
concentrations o f monoglycerides are o b t a i n e d . B e c a u s e o f
i n h e r e n t r e a c t a n t s o l u b i l i t i e s u n d e r the esterification
c o n d i t i o n s used , m a x i m u m monoglyceride concentrations
o f ca. 65% are f e a s i b l e w i t h existing c o m m e r c i a l processes.
T o o b t a i n h i g h e r concentrations, the m o n o - a n d d i g l y c e r i d e
m i x t u r e i s s u b j e c t e d to distillation u n d e r high v a c u u m in
centrifugal m o l e c u l a r stills. The r e s u l t i n g d i s t i l l e d m o n o g l y -
c e r i d e consists o f ca. 92-95% t o t a l m o n o g l y c e r i d e w i t h the
r e m a i n d e r b e i n g principally d i g l y c e r i d e .

A l t h o u g h m o n o g l y c e r i d e s can be p r e p a r e d by d i r e c t
esterification, most m o n o g l y c e r i d e s are p r e p a r e d by the
base-catalyzed interesterification r e a c t i o n o f e x c e s s g l y c e r o l
d i r e c t l y w i t h a fat . A g a i n , up t o ca. 65% c~-monoglyceride
can be o b t a i n e d by u s i n g a r e a s o n a b l e e x c e s s o f g l y c e r o l
a n d carefully controlling the r e a c t i o n conditions. At t h e
c o n c l u s i o n o f the e s t e r interchange, the c a t a l y s t i s n e u t r a -
l i z e d a n d the e x c e s s g l y c e r o l r e m o v e d by v a c u u m stripping.

The largest v o l u m e o f m o n o g l y c e r i d e s u s e d in b a k e d

0 0
I g

CHs - 0 - C - ( C H z ) L , CHI CHa - C
, , \
CH - OH + ] 0
, , /

CH= - OH CH= - C
u

0

p r o d u c t s in g e n e r a l are o f t h e 6 0 % " s o f t " variety. T h e s e are
p r e p a r e d from partially h y d r o g e n a t e d a n i m a l o r v e g e t a b l e
oils s u c h a s l a r d , a n d have a s o f t , p l a s t i c c h a r a c t e r s i m i l a r to
l a r d itself.

A c o n s i d e r a b l e q u a n t i t y o f 6 0 % " h a r d " m o n o g l y c e r i d e s
p r e p a r e d from fu l ly h y d r o g e n a t e d oils is also u s e d a s are
90% d i s t i l l e d " h a r d " m o n o g l y c e r i d e s . T h e s e are s o l d e i t h e r
a s p o w d e r e d p r o d u c t s t o be a d d e d to the shortening or, in
t h e case o f the h a r d 90% monoglycerides, as microdispeg-
s i o n s in w a t e r k n o w n a s monogiyceride " h y d r a t e s . "

Monoglycer ide der iva t ives

While the m o n o g l y c e r i d e s have excellent s o f t e n i n g
a n d staling r e t a r d a n t properties a n d tittle d o u g h -
s t r e n g t h e n i n g effect, many derivatives o f m o n o g l y c e r i d e s
f u n c t i o n b o t h as b r e a d softeners a n d as dough
strengtheners. This c h a n g e in the f u n c t i o n a l properties o f
t h e m o n o g l y c e r i d e m a y be due t o an alteration in the
hydrophilic-lipophilic b a l a n c e o f the m o l e c u l e , o r m a y
p o s s i b l y be due t o t h e i n t r o d u c t i o n o f i o n i c species i n t o the
nonionic m o l e c u l e , t h e r e b y affecting its polarity a n d
b o n d i n g capabilities.

F i g u r e 3 s h o w s the s t r u c t u r e o f a s u c c i n y l a t e d m o n o g l y -
c e r i d e . This p r o d u c t i s m a n u f a c t u r e d by r e a c t i n g a d i s t i l l e d
m o n o g l y c e r i d e w i t h s u c c i n i c a n h y d r i d e at t e m p e r a t u r e s
r a n g i n g from ca. 80 C - 1 8 0 C. A t t h e h i g h e r t e m p e r a t u r e s n o
catalyst i s r e q u i r e d , but at t e m p e r a t u r e b e l o w 95 C, it i s
d e s i r a b l e t o accelerate the r e a c t i o n by u s i n g a s m a l l a m o u n t
o f a n alkaline catalyst.

S u c c i n y l a t i o n o f the m o n o g l y c e r i d e t h u s c h a n g e s the
properties o f the p r o d u c t from o n e w i t h essentially jus t
s o f t e n i n g properties to o n e w i t h b o t h s o f t e n i n g a n d d o u g h -
strengthening properties. While the p r o d u c t retains s t a r c h -
c o m p l e x i n g abilities, it n o w also has protein-complexing
properties. T h e s e c h a n g e s m a y be due in part t o the m o l e -
cule n o w b e i n g a n i o n i c i n s t e a d o f n o n i o n i c , but is p r o b a b l y
m o r e r e l a t e d t o the c h a n g e m w a t e r s o i u b i l i t y o r the
hydrophilic-lipophilic b a l a n c e of the s t r u c t u r e . F o r
e x a m p l e , e t h o x y l a t e d m o n o g l y c e r i d e s have even different
c o m p l e x i n g properties.

E t h o x y l a t e d m o n o - a n d d i g l y c e r i d e s are the p r o d u c t s
f o r m e d w h e n 20 m o l e s o f e t h y l e n e o x i d e are r e a c t e d w i t h a
m o n o - a n d d i g l y c e r i d e m i x t u r e . The r e a c t i o n is c a r r i e d o u t
u n d e r 4 0 - 8 0 psi e t h y l e n e o x i d e p r e s s u r e at ca. 150 C in the
p r e s e n c e o f a s m a l l q u a n t i t y o f a base s u c h a s s o d i u m
h y d r o x i d e .

It has b e e n f o u n d t h a t , w h i l e the e t h o x y l a t e d m o n o - a n d
d i g l y c e r i d e n o w have excellent dough-strengthening
properties, t h e s o f t e n i n g properties are n o w only marginal.
This is g e n e r a l l y i n t e r p r e t e d t o m e a n that it has only
l i m i t e d starch-complexing properties. While it is u n c e r t a i n
w h e t h e r t h e s t r e n g t h of the p r o t e i n c o m p l e x f o r m e d is any
d i f f e r e n t than that w i t h s u c c i n y l a t e d m o n o g l y c e r i d e s , it h a s
b e e n p o s t u l a t e d that the r e s u l t i n g f u n c t i o n a l e f f e c t s on
dough s y s t e m s are from t w o d i f f e r e n t t y p e s of m e c h a n i s m s .
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FIG. 4 . Diacetyl tar tar ic acid esters of monoglycerides.

In the case o f c h a r g e d molecules such as SMG, the e f f e c t s
are p r o b a b l y due to a r e d u c t i o n in electrostat ic repulsion of
p r o t e i n molecules . In the case of nonion ic molecules such
as EMG, the e f f e c t s are p r o b a b l y due to increased c a p a -
bi l i t ies of the c o m p l e x to h y d r o g e n b o n d .

A n o t h e r derivative of monoglycerides that has been used
for y e a r s in E u r o p e a n countr ies , but that is l i t t l e used in the
U n i t e d Sta tes , i s the diacetyl tar tar ic acid esters o f m o n o -
and diglycerides (Figure 4). T h e s e are made by reacting
a c e t i c anhydride wi th tar tar ic acid at ca. 120 C to form
diacetyl tar tar ic a n h y d r i d e . The b y p r o d u c t , a c e t i c a n h y -
d r i d e , i s r e m o v e d by v a c u u m st r ipp ing . The diacetyl tar tar ic
a n h y d r i d e is then r e a c t e d at ca. 120 C with the m o n o -
a n d diglycerides to form the desired p r o d u c t .

The introduct ion of the diacetyl tar tar ic acid e s t e r
g r o u p in to the m o n o - and dig]yceride raises the HLB
o f the p r o d u c t and increases i t s w a t e r d ispers ib i l i ty . The
resul t ing p r o d u c t has both softening and dough-strengthing
propert ies . At the p r e s e n t t i m e , the D A T A esters,as they are
cal led, are not w i d e l y used in the U n i t e d Sta tes , p r o b a b l y
b e c a u s e o f function-cost rela t ionships as c o m p a r e d to o t h e r
avai lable products .

Non-Monoglycer ide Der iva t ives

Sorbi tan m o n o s t e a r a t e (F ig . 5) i s p r e p a r e d by reacting
sorbi to l wi th stear ic acid at 2 2 5 - 2 5 0 C in the presence o f an
acid catalyst . Anhydrizat ion of the sorbi to l o c c u r s at the
same t i m e as the esterif ication proceeds, and the resul t ing
p r o d u c t i s the sorbi tan ester. Note the similar i t ies of the
s t r u c t u r e to that of a monoglyceride.

A l t h o u g h sorbi tan m o n o s t e a r a t e is not a p p r o v e d for use
in b r e a d , i t is w i d e l y used as a l ipoph i l i c emulsif ier in
chemically l e a v e n e d b a k e d p r o d u c t s such as c a k e s . A
derivative, h o w e v e r , of sorbi tan monostearate, the 20 m o l e
e t h y l e n e o x i d e a d d u c t k n o w n as polysorbate 60 , is
a p p r o v e d for use in b r e a d . The polyoxyethylene s o r b i t a n
monostearate is p r e p a r e d by incrementally adding e t h y l e n e
o x i d e at 4 0 - 8 0 psig to sorbi tan monostearate at 140-
160 C containing a smal l a m o u n t of base as catalyst .
The reaction is c o n t i n u e d unt i l the desired a m o u n t of

0 OH 0
, , / \

C t ~ H=~ - C - 0 - CH= - CH - CH= CHa
I I

HO - C H - CH - O H

FIG. 5 . Sorbi tan monostearate.

e thoxylat ion i s at ta ined.
Like the ethoxylated m o n o - and diglycerides, w h i c h

structure i t resembles, the polysorbate 60 also funct ions
m a i n l y as a d o u g h strengthener wi th only marginal d o u g h -
softening propert ies . It i s , t h e r e f o r e , generally used in
conjunct ion with m o n o - and diglycerides to give the op t i -
mum softening and strengthening propert ies .

Calcium stearoyl-2-1actylate (F ig . 6), a l o n g with i t s
s o d i u m counterpart , i s p r o b a b l y the mos t widely used
s u r f a c t a n t in b r e a d next to the m o n o - and diglycerides.
Both p r o d u c t s c o m b i n e both softening and d o u g h -
strengthening properties wi th the s o d i u m sal t g iv ing a
s l igh t ly g r e a t e r crumb-softening e f f e c t . As is the case wi th
o t h e r p r o d u c t s exhibi t ing both effects, i t has been d e m o n -
s t r a t e d that the lactylates form complexes wi th both the
s t a r c h and the p r o t e i n fractions of the f l o u r sys tem.

The lactylates can be p r e p a r e d in several ways but
are generally p r e p a r e d by reacting stear ic acid wi th lac t ic
acid at 180-200 C in the p r e s e n c e of the desired base. The
w a t e r of reaction i s r e m o v e d cont inuously by i n e r t gas
sparge. Resul t ing p r o d u c t s are so l ids and are e i t h e r g r o u n d
or spray-cooled to a p o w d e r f o r m . Acid form of the l a c t y -
l a t e , lac ty l ic stearate, is also a p p r o v e d for use in b r e a d but
i s l i t t l e used b e c a u s e i t i s inherently more expensive to
p r o d u c e than the c a l c i u m or sodium sal ts and contributes
n o a p p a r e n t functional advantages.

!° Fc""°
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FIG. 6 . Calcium stearoyl-2-1actylate.

A n o t h e r p r o d u c t that is a p p r o v e d for use in b r e a d
but that is no longer used is sodium stearyl f u m a r a t e .
This p r o d u c t was m a n u f a c t u r e d by r e a c t i n g male ic a n h y -
d r i d e wi th stearyl alcohol followed by isomerizat ion to the
f u m a r a t e e s t e r and then conversion to the sodium sa l t .
Al though funct ional ly effective as a softener and
strengthener, the p r o d u c t was expensive to make and n e v e r
g a i n e d signif icant a c c e p t a n c e by the commercial bakers.

Comparat ive functional e f f e c t s in b r e a d of the various
fat-based surfactants are s h o w n in T a b l e I. Strengthening
properties are manifested by loaf v o l u m e response and
softening properties by the d e g r e e of s ta l ing inh ib i t ion .

O T H E R B A K E R Y P R O D U C T S

B a k e r y p r o d u c t s o t h e r than b r e a d also cons t i tu te a
signif icant m a r k e t for fat-based emulsi f iers . T h e s e are
p r o d u c t s such as cakes, doughnuts , cookies , ic ings , f i l l ings ,
etc. In t h e s e p r o d u c t s , the surfactants f u n c t i o n more as true
emulsi f iers . However, staleness retarding i s also an i m p o r -
tant considerat ion. Many of the surfactants previously
m e n t i o n e d are used in t h e s e o t h e r b a k e r y products . Again,
the m o n o - and diglycerides are mos t w i d e l y u s e d . Sorbi tan
monostearate and polyoxyethylene sorbi tan monostearate
are also widely u s e d . In addi t ion the fol lowing products are
used: l a c t a t e d m o n o - and diglycerides; propylene glycol
monosteareate; polyglycerol esters o f fatty acids . Al l of
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TABLE I

Functional Improvements of Dough Strengtheners in Bread

Loaf Firming Relative
Compound volume inhibition b r e a d quality

Polysorbate 60 Very good Little effect Good
Calcium stearoyl-2-1actylate Very good Good + Very good
Lactylic stearate Good + Good + Very good
Sodium stearyl fumarate Fair Very good Good
Sodium stearoyl-2-1actylate Very good Very good Very good
Succinylated monoglyeeride Very good Good + Very good
Ethoxylated mono- and Very good Little effect Fair

diglycerides

t h e s e p r o d u c t s are m a n u f a c t u r e d by the r e a c t i o n o f f a t t y
a c i d s w i t h the appropriate p o l y o l u s i n g s t a n d a r d esterifica-
tion t e c h n i q u e s .

G e n e r a l l y , at l e a s t t w o a n d as m a n y a s five o f t h e e m u l s i -
f i e r s a r e u s e d in v a r i o u s c o m b i n a t i o n s t o give t h e d e s i r e d
f u n c t i o n a l properties. The f u n c t i o n o f s u r f a c t a n t s in t h e s e
n o n b r e a d b a k e r y p r o d u c t s is principally t o completely
e m u l s i f y the fat w i t h the w a t e r to give a s y s t e m o f opti-
m u m stability. Air e n t r a p m e n t is also an i m p o r t a n t f u n c -
tion in w h i p p e d p r o d u c t s a n d in chemically l e a v e n e d
s y s t e m s s u c h a s c a k e s a n d d o u g h n u t s . In t h e s e s y s t e m s ,
e n t r a p p e d air in the fat s e r v e s a s foci f o r gas e x p a n s i o n .
G r e a t e r q u a n t i t i e s o f f i n e l y d i v i d e d fat g l o b u l e s c o n t a i n i n g
e n t r a p p e d a i r l e a d t o i m p r o v e d v o l u m e r e s p o n s e o n b a k i n g .
T e n d e r n e s s a n d g r a i n s t r u c t u r e are also e n h a n c e d .
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ABSTRACT
When g l y c e r o l is h e a t e d w i t h an a l k a l i n e c a t a l y s t

t o over 230 C, w a t e r is evolved a n d polymerization
o c c u r s t o form a w h o l e f a m i l y o f polyglycerols
r a n g i n g from d i g l y c e r o l w i t h 3 h y d r o x y g r o u p s , to
triacontaglycerol w i t h 32 h y d r o x y g r o u p s . T h e c a r -
b o x y l i c acid e s t e r s o f polyglycerols p r e p a r e d by di-
rect esterification o r by interchange, m a y be s o l i d
o r l iqu id ; s a t u r a t e d o r u n s a t u r a t e d ; aliphatic o r
a r o m a t i c ; m o n o , di- o r p o l y c a r b o x y l i c a c i d e s t e r s ;

m o n o - , di-, o r polyesters o f the polyglycerol; s i n g l e
o r m i x e d a c i d e s t e r s ; h i g h o r l o w m o l e c u l a r w e i g h t ;
w a t e r o r oil s o l u b l e ; a n d w i t h a n H L B f r o m a b o u t 4
to a b o u t 13 . Polyglycerol e s t e r s find u t i l i t y in a wide
variety o f f o o d p r o d u c t s i n c l u d i n g beverages, d e s s e r t s ,
t o p p i n g s a n d b a k e d g o o d s . They are t h e r m a l l y s t a b l e
a n d f i n d a p p l i c a t i o n i n s e v e r a l i n d u s t r i a l s y s t e m s .

Polyglycerol e s t e r s have b e e n commercially available for
a b o u t 20 y e a r s . A t t h e p r e s e n t t i m e , they are b e i n g o f f e r e d
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