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Flavor

ABSTRACT
C r u d e s o y b e a n o i l has a characterist ic " g r e e n -

b e a n y " flavor, w h i c h d u r i n g ref ining, bleaching and
deodorization is el iminated to p r o d u c e a b l a n d t a s t -
ing , l igh t colored oil. H o w e v e r , flavor r e t u r n s d u r i n g
s t o r a g e and has been characteristically called the
"reversion flavor" o f s o y b e a n o i l . This deleterious
characterist ic f l a v o r has influenced the ut i l iza t ion o f
s o y b e a n o i l and i t s f a t t y acids . Several theories for
the c a u s e of reversion flavor include: (a) oxidat ion
o f l ino len ic a c i d ; (b) oxidat ion of i so l ino le ic acid o f
the 9,15-diene structure; (c) phosphat ide reactions;
(d) unsaponif iables; and (e) oxidat ive polymers .
References are p r e s e n t e d that s u p p o r t or contradict
t h e s e theories . R e c e n t publ icat ions concerning the
isola t ion and characterization of the c o m p o n e n t s of
reversion flavor indicate s l igh t oxidat ion of the f a t t y
a c i d s is the m a j o r c a u s e . T e c h n i q u e s that are effective
in increasing the flavor s tab i l i ty o f s o y b e a n o i l are
presented.

INTRODUCTION

R e c o r d s show that p r i o r to 2000 B C (1), s o y b e a n s were
considered an i m p o r t a n t cul t ivated l e g u m e and were
classif ied as one of the five s a c r e d grains wi th the o t h e r s
b e i n g w h e a t , r i c e , b a r l e y , and mi l l e t . Soybeans were not
introduced to the A m e r i c a n f a r m e r un t i l the e a r l y 1 9 2 0 s as
a crop to help r e d u c e the surpluses of w h e a t and c o t t o n .
Al though soybeans were s low to be a c c e p t e d in i t iaUy,
p r o d u c t i o n increased r a p i d l y each year to the pos i t ion o f
b e i n g the mos t i m p o r t a n t oi lseed crop in the U n i t e d S t a t e s
(2). S o y b e a n o i l and i t s f a t t y a c i d s are ut i l ized m both
industrial and edib le products .

C r u d e , d e g u m m e d s o y b e a n o i l is normally p r o d u c e d in
the U n i t e d States by the processes s h o w n in Figure 1. A f t e r
cleaning the b e a n s , they are adjusted to 10% moisture and
c r a c k e d ro te 6-8 pieces. The hul l s are r e m o v e d by a i r
classif icat ion and the c r a c k e d cotyledons are t e m p e r e d with
s t e a m to s o f t e n the pieces. They are rol led in to f l a k e s
having a thickness of ca. 0 . 0 1 5 i n . Oi l is e x t r a c t e d wi th
solvent to p r o d u c e a m i x t u r e k n o w n as micella. A f t e r
extract ion, th e solvent is r e m o v e d from the mice l la by
h e a t e d fal l ing f i lm evaporators. The f i n a l t r a c e s of solvent
are r e m o v e d by steaming. The phosphatides are r e m o v e d
from the c r u d e s o y b e a n o i l by h y d r a t i o n wi th w a t e r , a
p r o c e s s r e f e r r e d to as degumming. T h e h y d r a t e d gums are
r e m o v e d by centrifugation w h i c h are l a t e r d e h y d r a t e d to
p r o d u c e c r u d e s o y b e a n "leci thin." The supernatant from
the centrifugation p r o c e s s i s c r u d e , d e g u m m e d s o y b e a n o i l .

This o i l i s normally processed by the m e t h o d s s h o w n in
F i g u r e 2 to p r o d u c e r e f i n e d , b l e a c h e d , and d e o d o r i z e d
s o y b e a n o i l c o m m o n l y r e f e r r e d to as R B D SBO. T h e c r u d e
o i l i s f i rs t t r e a t e d wi th alkal i to r e m o v e the free f a t t y acids .
Refined oil may or may not be b l e a c h e d with activated
e a r t h s . When b l e a c h e d with activated e a r t h to r e m o v e
p i g m e n t material and t r a c e s of s o a p , a p r o d u c t k n o w n as
r e f i n e d and b l e a c h e d s o y b e a n o i l ( R B D SBO) i s p r o d u c e d .
The next processing step may be hydrogenation i f i t i s
desired to " h a r d e n " the o i l , or i t may be d e o d o r i z e d by a
high v a c u u m , high t e m p e r a t u r e s t e a m t r e a t m e n t to r e m o v e
t r a c e s of odoriferous materials to p r o d u c e a l igh t c o l o r e d ,
b l a n d tas t ing s a l a d o i l ( R B D SBO). T h e p r o d u c t at th i s
stage of processing will normally have the physical and
chemical characteristics s h o w n in T a b l e 1.

H o w e v e r , the " g r e e n - b e a n y " flavor o f c r u d e o i l m a y

r e t u r n in a r e f i n e d , b l e a c h e d and d e o d o r i z e d o i l upon aging
and has been r e f e r r e d to as the "reversion f l a v o r " of soy-
bean o i l . T h e term " r e v e r s i o n " i s a m i s n o m e r s i n c e the
f l a v o r f o r m e d upon aging i s not e x a c t l y the same as the raw
" g r e e n b e a n y " f l a v o r t y p i c a l of c r u d e o i l b e f o r e processing
in to a finished s a l a d o i l . A l s o , the "reversion f l a v o r " i s not
that of a r a n c i d o i l w h i c h generally has a " p a i n t y " c h a r a c -
terist ic. Descriptive t e r m s of "reversion f l a v o r " of s o y b e a n
o i l are " g r e e n - ' b e a n y , " " w e e d y , " " h a y , " " m e l o n , " and
" f i s h y . " Very ini t ial stages of reversion are sometimes
" b u t t e r y . "

This deleterious f l a v o r has influenced the ut i l iza t ion of
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s o y b e a n o i l a n d its f a t t y a c i d s . When the p r o b l e m o f
r e v e r s i o n flavor i s s o l v e d , t h e oil a n d i t s f a t t y a c i d s wi l l have
b e t t e r a c c e p t a n c e a n d i t s c o m m e r c i a l i m p o r t a n c e s h o u l d be
greater.

T H E O R I E S

Scientists have suggested several theories for the cause of
flavor reversion. It has been found that reversion flavors
g e n e r a l l y o c c u r in v e g e t a b l e oils o r fish oils that c o n t a i n
f a t t y a c i d s w i t h more than t w o d o u b l e b o n d s s u c h a s
linolenic o r a r a c h i d o n i c a c i d s . It is b e l i e v e d t h e p r e c u r s o r t o
t h e reversion flavor o f s o y b e a n oil is p r e s e n t in f r e s h l y
r e f i n e d oil, a n d u p o n a g i n g d e c o m p o s e s to flavor c o m p o -
n e n t s r e s p o n s i b l e for reversion flavor. Theories have b e e n
p r o p o s e d t o the s t r u c t u r e o f t h e s e p r e c u r s o r s a n d h o w they
d e c o m p o s e to t h e r e s p o n s i b l e flavor c o m p o n e n t s . T h e s e
t h e o r i e s are r e v i e w e d in the f o l l o w i n g pages.

Linolenic Acid T h e o r y

D u r k e e (3) was o n e o f the first to sugges t the linolenic
acid t h e o r y . H e o b s e r v e d that s o y b e a n oil n o r m a l l y con-
t a i n e d 8-9% linolenic a c i d , w h i l e oils like c o t t o n s e e d o r
p e a n u t c o n t a i n Little o r n o n e . H e also o b s e r v e d that soy-
b e a n oil w o u l d d e v e l o p reversion flavors w h i l e c o t t o n s e e d
a n d p e a n u t oils w o u l d n o t , t h u s c o n c l u d e d reversion flavor
m u s t be r e l a t e d to t h e l i n o l e n i c a c i d c o n t e n t . S a n d e r s (4)
c o n f i r m e d D u r k e e ' s observation. H e a d d e d 10 p a r t s o f
linolenic a c i d o b t a i n e d from l i n s e e d oil to 90 p a r t s o f
c o t t o n s e e d f a t t y a c i d s , esterified the m i x t u r e to a f i n i s h e d
oil, a n d o b s e r v e d that its f l a v o r characteristic was very
s i m i l a r to s o y b e a n oil. G o l u m b i c (5) also m a d e a s y n t h e t i c
soybean-type oil by u s i n g p u r i f i e d stearic a n d palmitic
a c i d s , c o m b i n e d w i t h o l e i c acid f r o m o l i v e oil, l i n o l e i c a c i d
from c o t t o n s e e d oil a n d linolenic a c i d f r o m Linseed oil. He
c o n c l u d e d that t h e synthetic soybean-type oil, a f t e r b e i n g
light-reverted, h a d a p o o r e r flavor q u a l i t y than c o t t o n s e e d
oil, but was b e t t e r than s o y b e a n oil. The synthetic oil d id
not have "grassy-haylike" flavor that n o r m a l s o y b e a n oil
develops. D u t t o n et al. ( 6 , 7 ) a n d S c h w a b et al. ( 8 ) pub-
l i s h e d several p a p e r s in t h e e a r l y 1 9 5 0 s that s u p p o r t t h e
linolenic acid t h e o r y . They p r e p a r e d a soybean-type oil
w i t h linolenic a c i d c o n t e n t o f 2-3% by f u r f u r a l e x t r a c t i o n
o f s o y b e a n oil a n d f o u n d the l o w linolenic s o y b e a n oil
d e v e l o p e d less reversion flavor than n o r m a l s o y b e a n oil.
They also d e m o n s t r a t e d that w h e n 7.5% linolenic a c i d was
i n c o r p o r a t e d into c o t t o n s e e d oil by interesterification, a
p a n e l i d e n t i f i e d the m o d i f i e d c o t t o n s e e d oil a s r e v e r t e d
s o y b e a n oil.

A l t h o u g h m u c h o f t h e r e s e a r c h r e p o r t e d s i n c e the 1 9 5 0 s
c o n f i r m s that l i n o l e n i c p l a y s a primary role in f l a v o r
reversion, t h e r e are earlier r e s e a r c h p u b l i c a t i o n s that
c o n t r a d i c t this t h e o r y . D o l l e a r et al. (9) o b t a i n e d s o y b e a n
oil from D u n f i e l d s o y b e a n s w h i c h h a d a n unusua l l y l o w
i o d i n e n u m b e r ( 1 0 6 . 6 ) a n d a linolenic a c i d c o n t e n t o f 2.9%.
F r o m t h e r e s e a r c h p r e s e n t e d in the p r e v i o u s references, this
s o y b e a n oil s h o u l d have s u p e r i o r flavor stability. C o n t r a r y
t o the expectations, it was f o u n d to be no b e t t e r than
n o r m a l s o y b e a n oil.

I f t h e reversion i s due to t h e oxidative d e c o m p o s i t i o n o f
linolenic a c i d , then s t o r a g e o f s o y b e a n oil u n d e r i n e r t g a s e s
o r v a c u u m s h o u l d i m p r o v e the flavor stability. R o b i n s o n
(10) f o u n d that s o y b e a n oil a g e d u n d e r i n e r t g a s e s de-
v e l o p e d reversion f l a v o r a n d B i c k f o r d (1 l ) m a d e the same
c o n c l u s i o n s by s t o r i n g s o y b e a n oil u n d e r a high v a c u u m .
S i m s ( l 2) h y d r o g e n a t e d s o y b e a n oil a n d c o n v e r t e d t h e
linolenic acid to v a r i o u s c o n t e n t s r a n g i n g f r o m 8-0% a n d
f o u n d n o correlation b e t w e e n flavor stability a n d linoleic
acid c o n t e n t . T h e s e d i s c r e p a n c i e s m a y be e x p l a i n e d by poor
flavor p a n e l d a t a , lack o f a g r e e m e n t b e t w e e n l a b o r a t o r i e s
o n d e s c r i b i n g reversion flavor, o r o t h e r p r o b l e m s a s s o c i a t e d
w i t h reverting t h e oil. E v i d e n c e has b e e n p u b l i s h e d that

TABLE I

The Physical a n d C h e m i c a l C h a r a c t e r i s t i c s o f a
Typical R e f i n e d , B l e a c h e d , a n d D e o d o r i z e d S o y b e a n Oil

~avor
C o l o r
Active Oxygen Method (AOM)
P e r o x i d e Value (PV)
Free Fatty Acids (FFA)
Anisidine Value (AV)
Oxidation Value (OV)
I o d i n e Value (IV)
I r o n ( F e )
Copper (Cu)
FAC C16

C18
C18:1
C18:2
C18:3

- B l a n d to s l i g h t l y nutty (+8.0)
-- 2.OR/2OY
- 12+ hours
- 0 . S
- o . o s %
- 2 . 0
- 3 . 0
-- 132
-- 0.1 PPM
- 0.01 PPM
-- 1 0 . 6 %
-- 4 . 6 %
-- 2 s . 4 %
-- 52.9%
- - s . a %

t
linolenic a c i d , per s e , m a y not be the sole c a u s e o f rever-
sion flavor.

Isolinoleic Acid T h e o r y

D u r i n g World War II, a g r o u p o f C a n a d i a n scientists w e r e
investigating t h e use o f h y d r o g e n a t e d l i n s e e d oil for e d i b l e
applications. Several o f the p u b l i s h e d experiments i n d i c a t e d
that h y d r o g e n a t e d l i n o l e n i c acid d o e s d e v e l o p reversion
flavor a n d that it m a y be due to isolinoleic acid r a t h e r than
linolenic a c i d .

When the u n s a t u r a t e d f a t t y a c i d s a r e hydrogenated,
many r e a c t i o n s o c c u r at d i f f e r e n t r a t e s a s s h o w n in F i g u r e
3 . This f i g u r e g i v e s the c a l c u l a t e d c h a n g e s in the levels o f
trienes, d i e n e s , m o n o e n e s , a n d s a t u r a t e s o f l i n s e e d oil a s it
is h y d r o g e n a t e d nonselectively ( 1 3 ) . The e f f e c t o f h y d r o g e n -
a t i o n u p o n the f a t t y a c i d c o m p o s i t i o n o f s o y b e a n oil
g i v e s a s i m i l a r plot e x c e p t t h e r e are less trienes, less iso-
d i e n e s , a n d more l i n o l e i c a n d o l e i c than f o u n d in l i n s e e d oil
( 1 4 ) .

A r m s t r o n g a n d M c F a r l a n e (15) f o u n d that i f l i n s e e d oil
is s e p a r a t e d into s a p o n i f i a b l e a n d u n s a p o n i f i a b l e fractions,
a n d b o t h fractions w e r e i n d e p e n d e n t l y a d d e d to sunflower-
seed oil, t h e u n s a p o n i f i a b l e fraction did not d e v e l o p
reversion flavor but the re-esterified f a t t y a c i d s r e v e r t e d
a f t e r t h e m i x t u r e was d e o d o r i z e d . T h e s e r e s u l t s , p l u s the
fact that h y d r o g e n a t e d e t h y l linolenate a n d s u n f l o w e r s e e d
o i l m i x t u r e wou ld d e v e l o p reversion flavor but the u n h y -
d r o g e n a t e d m i x t u r e w o u l d no t , sugges t that linolenic acid
wou ld c a u s e reversion f l a v o r only a f t e r i t was h y d r o g e n -
a t e d .
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FIG. 3 . The changes in composition of linseed oil during hydro-
genation.

7 4 8 A J. AM. OIL CHEMISTS' SOC., November 1979 (VOL. 56)



Lemon (16,17) proposed that a single isomer was
preferentially produced by hydrogenating the 12,13 double
bond of linolenic and referred to this isomer as isolinoleic.
From reports by Daubert (18) and Mattel (19), many other
isomers are formed during the hydrogenation of linolenic
acid glycerides. Thompson et al. (20) found two types of
isolinoleic acid; the Type I isomer is formed when the
12,13 double bond of linolenic is reduced and the 9,10 or
15,16 double bonds do not migrate, while the Type II
isomer is formed when migration occurs.

The Type I isomer has six carbons between the double
bonds and has been found to produce a beany flavor when
added to cottonseed oil. The Type II isomer has only four
or five carbons between the double bonds and has not been
shown to form beany off flavors with aging.

Consistent with the case for linolenic acid not being the
sole precursor t o reversion flavor, reports have been pub-
lished that suggest isolinoleic may not be the cause. Lips et
al. (21) observed that reversion flavor can occur in hydro-
genated oils that are hydrogenated t o iodine values con-
siderably below those where isolinoleic would be present.
They also demonstrated no improvement in flavor stability
with decreasing concentrations of isolinoleic acid. In fact,
they noticed poorer stability at the lower iodine values.
Thus, they have concluded isolinoleic acid is not the only
cause of reversion flavor.

Phosphatide Theory
The German oil technologists have predicated their oil

processing on the theory that phosphatides are the pre-
cursors to reversion (22). They remove all lecithin by two
hot water washings followed with the addition of citric acid
t o "inactivate" lecithin that is not removed. Extensive
research conducted at the Northern Regional Research
Laboratory reported in a review article by Cowan (23)
indicates that the addition of citric acid is more important
than the two hot water washes. Citric acid will chelate
metals such as iron and copper rather than "inactivate" the
lecithin. The Germans steam for 90 seconds t o "inactivate"
the lecithin. The steaming is really inactivating biological
enzyme systems within the bean. Recent research has
shown that steaming the beans results in an improved crude
oil and from this a better soybean salad oil can be
manufactured (24).

Davies and Gill (25) found that nitrogen could enter into
a linolenic acid oil by holding the oil and lecithin together
for a period of time. Similar observations have been made
with trimethylamine oxide. The theory is that lecithin
provides the trimethylamine oxide which, in the presence
of hydroperoxides from autoxidation, forms formaldehyde
and dimethyl amine. Dimethyl amine may have a fishy
odor. Data reported by Bickford (11) supports that of
Davies and Gill in that linolenic acid will release formalde-
hyde from trimethylamine oxide. Chang et al. (26) found
nitrogen is present in the flavor extracts of reverted soy-
bean oil. Chang et al. (27) also observed a gas chroma-
tographic effluent that possesses a "fishy" odor from their
studies of soybean oil reversion. There has been little data
presented showing that phosphatides are not the precursor
to reversion flavor. Research at the Northern Regional
Research Laboratory has shown that addition of 0.02%
soybean phosphatides to soybean oil would improve the
oxidative stability and not change the flavor stability.

Unsaponifiable Matter Theory
Mattel (28) was the first to suggest that the unsaponifi-

ables of soybean oil could be responsible for reversion
flavor. He found a typical reversion flavor developed when
this fraction was isolated from soybean oil and added t o
cottonseed oil. When this experiment was repeated with the
unsaponiflables from linseed oil, no reversion flavor was
produced. An excellent review by Kochar and Meara (29)

gives data that show unsaponifiables like squalene in
soybean oil, carotene in palm oil, and tocopherol in lard are
related to the flavor stability of these products. However,
the contribution of the unsaponifiables to the reversion
flavor of soybean oil is only of minor significance.

Oxidative Polymer Theory
This theory was suggested by S.S. Chang (30,3 l). Chang

and Kummerow (32) found in working with oxidized ethyl
linolenate polymers that these polymers could decompose
under nitrogen t o yield flavor components that are identical
to those isolated from reverted soybean oil. They also
found that these oxidative polymers contained 9.25% more
oxygen than a RBD soybean oil and would not need oxygen
to form oxygenated flavor components like carbonyls.
These polymers were also found t o decompose under high
vacuums or inert atmospheres. Holm et al. (33) have shown
that high-molecular-weight unsaturated compounds isolated
from oxidized rapeseed oil had no distinctive flavor, but
when they were heated, intense flavors developed. They
also found that hydrogenation would not completely
reduce these compounds, and poor flavor stability was
caused in hardened fats. Evans et al. (34) published data
that show soybean oil, oxidized t o 10 PV prior t o deodori-
zation, causes no changes in the flavor stability. However,
when oxidation prior t o deodorization is greater than 10
PV, then the RBD soybean oil has a poorer flavor stability.
A similar study was conducted in my own laboratory and
reported at the 45th Fall AOCS Meeting held in Atlantic
City (35) and again at the 1 l th World Congress of ISF held
in Goteborg, Sweden (36). Soybean oil oxidized to ca. 25
PV and then redeodorized was found t o have better flavor
stability than a sample that was oxidized t o l 0 0 PV. To
date, there is no data that contradict this theory, and the
oxidative polymers of soybean oil would have the following
precursor characteristics: (a) they are present in soybean oil
and not in cottonseed oil;(b) they are not easily removed
by present soybean oil processing methods; (c) they have
little or no flavor themselves; and (d) they decompose to
reversion flavor and are not inhibited by antioxidants or
inert gas storage conditions.

FLAVOR CHARACTERIZATION

From the diversity of the data presented and the contra-
dictions that have been given, it appears that soybean oil
reversion flavor may be a combination of several flavor
components coming from several precursors. Research
completed since the 1960s has been successful in isolating
and identifying some of the chemicals that are responsible
for "reversion flavor." G. Hoffmann found in the early 60s
several key flavor ingredients (37-39). The "green bean"
flavor was caused by cis-3-hexenal which would be formed
by the autoxidation of linolenic acid. He also found trans,
cis and trans, trans 2,4-heptadienals and 2,4-decadienais. It
is believed the precursors for these dienals would be
linolenic and linoleic acids, respectively. Another com-
pound that could be identified as having a musty odor is
1-oeten-3-ol, commonly known as "mushroom alcohol." It
is proposed that this material is formed from the oxidation
of linoleic acid and has been confirmed to be present in
reverted soybean oil (40). Other key components identified
were ethyl vinyl ketone (41) and diacetyl (42). Both of
theseflavor components may be formed from the oxidation
of linolenic acid. Ethyl vinyl ketone has been described as a
metallic flavor when tasted in milk but in the presence of
pentanal, its flavor is similar t o the early stages of soybean
oll reversion. Levels of ethyl vinyl ketone and pentanal at
ca. 10 PPB appeared t o be most suggestive of early rever-
sion flavor. It has been proposed that diaeetyl is responsible
for the buttery flavor characteristic that sometimes appears
in the early stages of reversion flavor development before
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the green-grassy flavor notes form that are characteristic of
reversion flavor.

Much of the research that has been published concerning
the isolation and identification of flavor components
responsible for reversion flavor used highly oxidized soy-
bean oil. However, reversion flavor appears in soybean oil at
very early stages of autoxidation before hydroperoxides
increase to levels responsible for rancidity. Smouse(40,43)
identified 76 compounds in reverted, but not rancid,
soybean oil by using a high vacuum, countercurrent, steam
deodorization technique previously described by Chang et
al. (26). Flavor was isolated from 65 gallons of reverted
soybean oil and characterized by gas liquid chromatog-
raphy, infrared, mass, and nuclear magnetic resonance
spectrometries. Short chain organic acids were found to be
responsible for much of the reversion flavor. Twenty-six
were identified by removing them from the total reversion
flavor by sodium carbonate extraction followed by the
separation of their methyl esters by gas chromatography.
The nonacidic fraction of reversion flavor consisted of the
green-beany flavor notes and was found t o consist of
aldehydes, enals, dienals, ketones, alcohols, lactones, 2-
pentyl furan, several aromatics and hydrocarbons.

Later studies of 2-pentyl furan (44,45) have shown it is
one of the compounds responsible for reversion flavor.
When added at 5 ppm t o other vegetable oils, it will cause
them t o have the characteristic soybean oil reversion flavor.
However, it is believed that 2-pentyl furan is formed from
the oxidation of linoleic acid. This led He et al. (46) t o
theorize that cis and t r a n s 2-(1-pentenyl) furans may be
responsible for reversion flavor and would be formed from
slightly oxidized linolenic. Likewise, Smagula et al. (47)
suggested that eis and t r a n s 2-(2-pentenyl) furans may also
be produced by a similar oxidation pathway. These com-
pounds have been synthesized (45,47) and found to con-
tribute reversion flavor notes to sunflower seed oil when
added at levels of a few parts per million. Recently,
Smagula et al. (48) reported the isolation and identification
of 2 ( c i s and t r a n s -1- pentenyl) furans as being responsible
for the reversion flavor of soybean oil. The 2 ( c i s and t r a n s
2-pentenyl) furans have not been identified in reversion
flavor, but their flavor characteristics suggest they may be
present. A similar flavor note has been associated with
5(pentenyl)-2-furaldehyde which has been postulated to
arise from the 9-hydroperoxide of linolenic acid. It has
been found in oxidized soy phospholipids (49), but its
contribution to the flavor of soybean protein or soybean oil
has not been ascertained.

Two recent reviews (50,51) have covered the flavor
components isolated and identified from soybean products
other than off. Many of the compounds are the same except
for the sulfur and nitrogen-containing compounds which
are undoubtedly derived from other than oil sources.
Nevertheless, many of the flavor components are lipid
derived, and it has been stated (52) that the flavor problem
of soybean products such as flakes, flours, concentrates,
and isolates is connected with fat decomposition products
from the small amounts of residual fats in these products.

From the flavor components that have been identified in
reverted soybean oil, all are believed t o have fatty acids as
their precursors. Not all are derived from linolenic, and in
fact several of the important components of reversion
flavor are believed to be derived from linoleic. Therefore,
reversion flavor must be caused by trace amounts of oxida-
tion of its fat ty acids at extremely low levels of hydroper-
oxide formation. Linolenic acid, which is the most unstable
fat ty acid in soybean oil, may initiate autoxidation and
thus catalyze the oxidation of linoleic acid which is present
in much larger quantities, thus producing a total reversion
flavor that is not caused by any one compound but due to a
combination of several flavor components. The methods
given in Table II have been found to improve the flavor

TABLE II

Methods to Improve t h e Flavor Stability of Soybean Oil

1. Steam whole beans to inact ivate lipoxygenase.
2. Store off in crude form.
3. Process crude oil with min imum amount of oxidation.
4. Use good qual i ty whole beans that are not burnt , cracked, moldy ,

or field damaged.
S. Remove all phosphatides, soaps and metals during th~ manufac-

tur ing o f a soybean salad oil.
6. Hydrogenate to low levels of linolenic acid.
7. Use a chelat ion agent to bind iron and copper that is not

removed during processing.
8. Prevent oxidation by storing under nitrogen, in the absence of

light, and at reduced temperatures.

s t a b i l i t y of s o y b e a n o i l . A l t h o u g h none of the m e t h o d s
prevent revers ion f l a v o r alone , when severa l are used i n
c o m b i n a t i o n with one another, a h i g h qua l i ty s a l a d o i l c a n
be manufactured from s o y b e a n s .
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Esterification and I nteresterification
N.O.V. SONNTAG, Technical Director, Southland Corporation Chemical Division,
First Continental Bank Building, Suite 400, 5801 Marvin D. Love Freeway,
Dallas, TX 75237

ABSTRACT
A versatile a n d la rge g r o u p o f fat ty acid e s t e r s are

p r e p a r e d from m o n o h y d r o x y a l c o h o l s (C1 to C22
m e m b e r s ) , g l y c o l s (ethylene a n d p r o p y l e n e glycols a n d
others), etherglycols ( m a n y polyoxyethylene glycols),
triols (glycerol a n d others), tetraols (pentaerythritol
a n d others), polyglycerols, c a r b o h y d r a t e materials
(sorbitol, s o r b i t a n , s u c r o s e a n d others). The t w o m o s t
i m p o r t a n t d i r e c t esterifications o f f a t t y a c i d s are
t h o s e done with m o n o h y d r o x y a l c o h o l s (methanol,
b u t a n o l , e t c . ) a n d g l y c e r o l itself. Esterifications o f
t h e s e materials are c a r r i e d o u t w i t h o r w i t h o u t t h e
use o f catalysts. F o r e d i b l e e s t e r p r o d u c t s , the c h o i c e
o f catalyst is d e t e r m i n e d by (a) rate o f reaction
p r o m o t i o n p e r m i t t e d by the use o f the catalyst; (b )
c o l o r o f p r o d u c t o b t a i n e d ; ( c ) ease o f r e m o v a l o f
catalyst; (d ) toxicity o f catalyst, a n d p e r h a p s ; (e)
o t h e r f a c t o r s i n c l u d i n g p r o m o t i o n o f acrolein f o r m a -
tion from glycerol, loss by volatilization at high tem-
p e r a t u r e s , inactivation a b o v e c e r t a i n t h r e s h o l d tem-
p e r a t u r e s , a n d c a t a l y s t corrosivity o n the materials o f
c o n s t r u c t i o n o f the esterifier. I n c e r t a i n i n s t a n c e s the
last f a c t o r may i n d e e d be the p a r a m o u n t one in a
p a r t i c u l a r catalyst c h o i c e for a d i r e c t esterification.
I n d u s t r i a l p r o d u c t i o n o f m e t h y l e s t e r s is principally
by a p r o c e s s o f interesterification c a l l e d m e t h a n o l y -
sis. Polyols r e q u i r e c o n d i t i o n s f o r c o m p l e t e esterifica-
t i o n that are v i g o r o u s a n d severe. The t w o m o s t im-
p o r t a n t interesterification m e t h o d s u s e d in the f a t t y
a c i d i n d u s t r y are the methanolysis o f fats a n d oils f o r
t h e p r o d u c t i o n o f m e t h y l e s t e r s a n d the glycerolysis
o f fats a n d oils for the p r o d u c t i o n o f t h r e e k i n d s o f
so-called " m o n o g l y c e r i d e s , " n a m e l y the 40%, 60%
a n d 90% monoglycerides,

S i n c e the original d i r e c t esterification in 1844 by
P e l o u z e a n d Gel i s o f glycerol w i t h b u t y r i c acid (1), b o t h
esterification a n d interesterification have b e e n d e v e l o p e d t o
the s t a t e w h e r e t o d a y they collectively c o n s t i t u t e t h e m o s t
wide ly u s e d m e t h o d s for the p r o d u c t i o n of f a t t y a c i d
derivatives. Applications a p p e a r t o be a b o u t equa l ly d i v i d e d
a m o n g e d i b l e a n d n o n e d i b l e i n d u s t r i a l p r o d u c t s .

The versatile a n d la rge g r o u p o f f a t t y a c i d e s t e r s are

p r e p a r e d f r o m m o n o h y d r o x y a l c o h o l s ( C 1 t o C22 mem-
b e r s ) , g l y c o l s (ethylene a n d p r o p y l e n e g l y c o l s a n d o t h e r s ) ,
etherglycols ( m a n y polyoxyethylene glycols), triols
(glycerol a n d others), tetraols (pentaerythritol a n d o t h e r s ) ,
polyglycerols, c a r b o h y d r a t e materials ( s o r b i t o l , s o r b i t a n ,
s u c r o s e a n d others).

Esterification, a c c o r d i n g t o all the t e x t b o o k s , is the
reverse r e a c t i o n o f h y d r o l y s i s , a n d in the case o f g l y c e r o l it
i s the reverse reaction o f fat splitting. F o r many y e a r s it was
r e c o g n i z e d that in the r e a c t i o n the mechanistic c o u r s e
c o u l d c o r r e s p o n d t o one o r b o t h o f t w o separate r o u t e s .

In s h o r t , d o e s t h e w a t e r that i s p r o d u c e d arise from the
h y d r o x y l g r o u p of the a c i d o r from the h y d r o x y l g r o u p of
t h e alcohol? An e x a m i n a t i o n o f the c o u r s e o f the esterifica-
t i o n o f b e n z o i c acid a n d m e t h a n o l w i t h radioactive o x y g e n
a t o m s (2) p r o v e d o u t this p o i n t : the w a t e r is f o r m e d from
the h y d r o x y l o f the a c i d a n d the h y d r o g e n of the a l c o h o l :

O16 016

C6H5-C + CH3018H e ~ C6H5C
\O16H \O18CH3

+ H2O16

P e r h a p s the most i m p o r t a n t d i r e c t esterifications o f
f a t t y a c i d s are t h o s e c a r r i e d o u t w i t h m o n o h y d r o x y
a l c o h o l s ( m e t h a n o l , b u t a n o l , e t c . ) a n d glycerol itself. By n o
m e a n s d o e s this e x h a u s t the list o f i m p o r t a n t directly
e s t e r i f i e d p r o d u c t s . Esterifications o f t h e s e a l c o h o l s are
c a r r i e d o u t w i t h o r w i t h o u t the use o f catalysts. F o r e d i b l e
e s t e r p r o d u c t s , t h e c h o i c e o f catalyst i s d e t e r m i n e d b y : (a)
ra te o f r e a c t i o n p r o m o t i o n p e r m i t t e d by t h e use o f the
catalyst; (b ) c o l o r o f p r o d u c t o b t a i n e d a n d n e e d , i f any, t o
b l e a c h or d e c o l o r i z e ; ( c ) e a s e o f r e m o v a l o f catalyst; (d )
toxicity of catalyst; (e) p r o m o t i o n o f a c r o l e i n formation
( f r o m a c i d i c catalysts w i t h glycerol); ( f ) l o s s o f c a t a l y s t by
volatilization a b o v e certain t e m p e r a t u r e s ; (g) catalyst
inactivation a b o v e certain t h r e s h o l d t e m p e r a t u r e s or in the
p r e s e n c e o f c e r t a i n i m p u r i t i e s ; a n d ( h ) catalyst corrosivity
o n t h e m a t e r i a l s o f c o n s t r u c t i o n of the esterifier. I n c e r t a i n
i n s t a n c e s the last f a c t o r m a y i n d e e d be p a r a m o u n t in a
p a r t i c u l a r catalyst c h o i c e for a d i r e c t esterification.

I n d u s t r i a l p r o d u c t i o n o f m e t h y l e s t e r s is principally by a
p r o c e s s o f interesterification c a l l e d methanolysis. When
f a t t y a c i d s are c o n v e r t e d t o m e t h y l e s t e r s d i r e c t l y , the a c i d s
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