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ABSTRACT
Many c h a n g e s are t a k i n g p l a c e in the f a t t y acid

i n d u s t r y , b o t h corporation wise a n d t e c h n o l o g y wi se .
S o m e are s u d d e n a n d o b v i o u s ; o t h e r s are g r a d u a l on a
day-to-day b a s i s . I m p o r t a n t n e w e r d e v e l o p m e n t s are
h i g h l i g h t e d a n d d i scus sed .

The c h a n g e s in n a m e , m a n a g e m e n t a n d o w n e r s h i p o f
many o f the traditional A m e r i c a n f a t t y a c i d organizations
may a p p e a r to the g e n e r a l p u b l i c t o be t h e only significant
c h a n g e s that have o c c u r r e d w i t h i n the f a t t y a c i d i n d u s t r y .
G o n e from the r a n k s o f p r o d u c e r s are s u c h well k n o w n a n d
r e s p e c t e d n a m e s a s A r c h e r D a n i e l s M i d l a n d , G e n e r a l Mills,
D r e w , A r m o u r , F o r e m o s t , a n d Wilson-Martin. In f a c t ,
b e t w e e n the w r i t i n g a n d the v e r b a l delivery o f this very
presentation, t w o more well k n o w n n a m e s , t h o s e o f E m e r y
a n d A s h l a n d , will have been a d d e d to the list o f organiza-
t i o n s w h i c h have u n d e r g o n e t h e s e s u b s t a n t i a l changes.
Within the last fifteen y e a r s , only t h r e e f a t t y a c i d organiza-
tions, t w o o f them traditionalists, have n o t b e e n s u b j e c t to
t h e s e s o m e t i m e s g o o d , rarely b a d , but a l w a y s startling
a s p e c t s o f c h a n g e : Procter & G a m b l e C o m p a n y ' s C h e m i c a l
Division, D a r l i n g a n d C o m p a n y , a n d G l y c o C h e m i c a l s , Inc.

T h o s e of us w i t h i n this r a p i d l y c h a n g i n g i n d u s t r y
a l m o s t w i t h o u t e x c e p t i o n r e a c t w i t h s u r p r i s e w h e n c h a n g e s
o f this sort o c c u r . W e are m u c h less s u r p r i s e d , f r e q u e n t l y
u n a w a r e , a n d apparently m u c h less i n f l u e n c e d by the
s t e a d y , day-to-day s o m e w h a t i n s i d i o u s c h a n g e s w h i c h o c c u r
in the technology, in the analytical c h e m i s t r y a n d
m e t h o d o l o g y , in the availability o f n e w a n d completely
a l t e r e d r a w materials, a n d in o t h e r s u c h m a t t e r s i n c l u d i n g
the a d v e n t o f synthetics, b o t h r a w m a t e r i a l a n d competitive
finished p r o d u c t s w i t h i n ou r i n d u s t r y . Few, i n d e e d , are
t h o s e o f us w h o are instantly a l e r t to the p o t e n t i a l o r b r o a d
significance o f the very l a t e s t developments that o c c u r in
the r e a l m o f f u n d a m e n t a l o r g a n i c chemistry. This i s a l w a y s
a little s t r a n g e s i n c e we p r i d e o u r s e l v e s u p o n our alertness
a n d sensitivity t o developing m a t t e r s in the area o f b u s i n e s s
h e a l t h a n d economics. W e are a w a r e o f the i m p e n d i n g
effects o f inflation, to i n c r e a s e d c o s t s for l a b o r , p a c k a g i n g ,
p o w e r , a n d practically everything e l s e , t o p o l l u t i o n c o n t r o l ,
government r e g u l a t i o n s , preservation o f the environment,
a n d the responsibilities o f l a rge a n d s m a l l c o r p o r a t i o n s t o
t h e i r c o m m u n i t i e s . When we t h i n k u p o n t h e s e t h i n g s it i s
usua l ly with s o m e s m a l l f e e l i n g o f trepidation a n d a p p r e -
hension. Particularly (and u n f o r t u n a t e l y ) i s this true w h e n
our t h o u g h t s turn t o t h o s e o m i n o u s w o r d s w h i c h t o s o m e
o f us have b e e n the c a u s e o f a b b r e v i a t e d t r o u b l e - E P A ,
O H S H A , a n d T S C A , for e x a m p l e . Most a s s u r e d l y , not
everything in the c h a n g i n g b u s i n e s s o r e c o n o m i c area c a n be
c o n s i d e r e d e n t i r e l y " g o o d n e w s , " but m a n y d e v e l o p m e n t s
in the i n d u s t r y are g o o d n e w s .

F A T T Y ACID COMPOSITION CHANGES IN
RAW MATERIAL VEGETABLE OILS

in the p a p e r s by P r y d e a n d S m o u s e , s o m e reference t o
s o y b e a n oil a s a fat ty acid r a w m a t e r i a l was m a d e t o g e t h e r
w i t h several i n h e r e n t p r o b l e m s involved in i t s u s e . The
causative f a c t o r u n d o u b t e d l y in c u r r e n t s o y b e a n oil is the
7.5-8% linolenic a c i d component . Note that we have been
m a k i n g s t e a d y p r o g r e s s t o w a r d s l o w e r i n g l i n o l e n i c a c i d
c o n t e n t in e d i b l e s o y b e a n oils (1,2). In the case o f s o y b e a n
oil u s e d for the m a n u f a c t u r e o f a l k y d resins, the linolenic

acid c o n t e n t o f the d e s i r a b l e high I V oils in the 135-150
r a n g e is usua l ly 8 - 1 2 % a n d is i n t i m a t e l y r e l a t e d to the
oleic/linoleic a c i d r a t i o . While i t is d e s i r a b l e t o l o w e r the
linolenic c o n t e n t o f f a t t y a c i d s o r oils for a l k y d r e s i n s too ,
t h e p r o b l e m o f a c h i e v i n g this i s s o m e w h a t m o r e d i f f i c u l t
than that f o r t h e n o r m a l e d i b l e s o y b e a n o i l s , a n d some
sacrifice o f i o d i n e v a l u e wou ld have to be m a d e . In the case
o f n o r m a l e d i b l e s o y b e a n oil, r e l i a b l e e s t i m a t e s are that
eventually w i t h p r o p e r a t t e n t i o n to g e n e t i c s a n d o t h e r
g r o w i n g f a c t o r s , t h e linolenic a c i d c o n t e n t c o u l d be r e d u c e d
to ca. 3.5%. N o t h i n g in A m e r i c a n a g r i c u l t u r e is instanta-
n e o u s ; p e r h a p s five y e a r s wou ld be r e q u i r e d t o achieve this
p r e s u m i n g a n intensive e f f o r t w e r e to be m a d e . Certainly
the e d i b l e uses a n d t h o s e f a t t y a c i d uses (or n o n e d i b l e
i n d u s t r i a l u ses o t h e r than a l k y d r e s i n m a n u f a c t u r e ) w o u l d
be c e r t a i n to b e n e f i t . All that has b e e n sa id t h u s far i s in
r e f e r e n c e t o u n s a t u r a t e d f a t t y a c i d s from s o y b e a n oil; the
p r o d u c e r w h o h y d r o g e n a t e s s o y b e a n oil p r i o r to splitting
for t h e p r o d u c t i o n o f a 88-92% s t e a r i c a c i d i s not p a r t i c u -
l a r l y c o n c e r n e d w i t h t h e s e developments.

The wor ldwide c h a n g e in r a p e s e e d oil is we l l u n d e r w a y
(3-7). The p r e s e n c e o f 13-docosenoic ( e r u c i c ) a c i d is
s u s p e c t e d to be physiologically h a r m f u l ; C a n a d a p r o h i b i t s
the presence o f m o r e than 5% o f this a c i d ( m o s t l y from
so-called " h i g h e r u c i c a c i d r a p e s e e d o i l " ) in m a r g a r i n e o r
o t h e r e d i b l e p r o d u c t s (8). G e n e t i c c h a n g e s in r a p e s e e d oils
b o t h in C a n a d a a n d E u r o p e are a l r e a d y so extensive that
n e w t y p e s e i t h e r have very little ( l e s s than 3 . 5 % ) in so-
c a l l e d " c a n b r a " oil, o r nil in o t h e r varieties. A d e v e l o p i n g
e f f o r t on r e p l a c e m e n t vegetable oils like C r a m b e abyssinica
(ca. 52-57% e r u c i c a c i d c o n t e n t ) ( 6 , 9 , 1 0 ) c o u l d materialize
in t i m e to a f f o r d t h e U.S. s u f f i c i e n t q u a n t i t i e s o f e r u c i c
a c i d , o r ( a f t e r h y d r o g e n a t i o n ) the C-20, 22 ( b e h e n i c ) a n d
24 s a t u r a t e d f a t t y a c i d s ; but p o l y u n s a t u r a t e d fish oils can
be c o u n t e d o n only f o r the s a t u r a t e d C - 2 0 , 2 2 a n d 24 a c i d s
( w i t h h y d r o g e n a t i o n ) .

A l t h o u g h c e r t a i n vegetable oils are u s e d m o s t l y for
e d i b l e p u r p o s e s a n d wi l l p r o b a b l y c o n t i n u e t o be s o , t h e i r
fat ty a c i d c o m p o s i t i o n is in a s t a t e o f transition. It is
p o s s i b l e that n e w i n e d i b l e uses c o u l d be d e v e l o p e d in the
f u t u r e , b u t , i f e d i b l e uses g r o w r a p i d l y , f a t t y a c i d s c o u l d be
available f r o m s o a p s t o c k s in the r e f i n i n g o f t h e s e otis, jus t
a s in the case o f s o y b e a n a n d c o t t o n s e e d oils. S u n f l o w e r oil
i s o n e e x a m p l e . S u n f l o w e r oil g r o w n in M i n n e s o t a c o n t a i n s
ca. 70% linoleic a c i d , w h e r e a s that g r o w n in A l a b a m a is
l i k e l y to c o n t a i n 45% linoleic a c i d ( 1 1 ) , a n d t h e r e are
n u m e r o u s i n t e r m e d i a t e compositions from v a r i o u s seed
s t r a i n s ( 1 2 ) . S a f f l o w e r is a n o t h e r e x a m p l e . T h e r e are
"high-oleic" acid oils (75-80%) a n d s o - c a l l e d "high-hnole%"
oils (72-78%), a n d s o m e oils are c h a r a c t e r i z e d as "45%
m a x i m u m - o l e i c , " " 4 5 % minimum-linoleic," "80% m a x i -
mum-linoleic," a l o n g w i t h a "10% m i n i m u m q i n o l e i c , " a n d
a " I 0% m a x i m u m - s t e a r i c a c i d " type (13-16). T r u e , the k i n d
that will u l t i m a t e l y be g r o w n , if any, will be d i c t a t e d
l a r g e l y by the m a r k e t d e m a n d in the e d i b l e oil a r e a , but
even i f n o i n d u s t r i a l f a t t y a c i d applications ever d e v e l o p for
the oil i t s e l f ( a n d that i s by n o m e a n s certain), at l e a s t the
availability o f lots o f s o a p s t o c k is a p r o s p e c t .

Palm oil is available in h i g h e r q u a l i t y than heretofore
especially w i t h r e s p e c t t o free f a t t y a c i d c o n t e n t , s t a b i l i t y ,
iron c o n t e n t a n d in o t h e r i m p o r t a n t r e s p e c t s (17) - a n d is a
potentially fine r a w material for i n d u s t r i a l applications
d e s p i t e the fact that its f a t t y a c i d c o m p o s i t i o n is q u i t e
different f r o m that o f t a l l o w , the m a j o r s o u r c e o f i n d u s t r i a l
f a t t y a c i d s . Palm oil c o m p r i s e s a s o m e w h a t variable f a t t y
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acid composition depending upon the source, that is,
Malaysian, Zaire or otherwise, but it ranges from 32-47%
palmitic acid, and 40-52% oleic acid in its triglycerides.
Beef tallow, on the other hand, contains less palmitic acid
than palm oil, usually 22-26% with 45-46% oleic acid;
mutton tallow, while similar t o beef tallow in palmitic acid
content, has much higher stearic acid content (ca. 30%) and
somewhat lower oleic acid content (30%).

This illustrates that beef tallow and palm oil aren't
interchangeable. For example, a separated oleic acid from
palm oil would have an approximate 15% linoleic acid
content compared to 7-8% in most common tallow-derived
oleic acids. However, when the price is right, palm oil could
be another general raw material to consider. Lately, palm
oil importation into the U.S. has been drastically curtailed
as a consequence of decreases in the price of soybean oil.
(This would constitute largely edible raw material.) There is
tariff protection on most of the palm oil-derived industrial
products amounting t o ca. 30-35%.

SUPERHEATED STEAM FAT-SPLITTING
The conventional fat-splitting methods that are em-

ployed today for the industrial large scale production of
fatty acids involve the use of medium or high pressure
steam and require relatively expensive equipment as dis-
cussed in an earlier paper. It is possible t o avoid the use of
high pressure steam and t o conduct the hydrolysis at
atmospheric pressure with the use of superheated (gaseous)
steam in the presence of a catalyst. The claim that tallow is
16% split at 200-280 C in only 10-30 seconds, and 70%
split with a second pass infers that such hydrolyses could be
quite rapid (18). Although many, if not all, of the indus-
try's existing fat splitters: have long ago been completely
capitalized, possibly the large expense involved with future
725 PSIG fat splitters, roughly ca. 1.5-21~ $, could be
substantially reduced if low pressure splitting were em-
ployed.

IMPROVED CATALYSTS FOR
DIRECT ESTERIFICATIONS

Concurrent with the development of new alloys better
able to withstand the highly acidic corrosion induced by
the conventional type direct esterification catalysts like
sulfonic acids, phosphoric acid, or even hydrochloric acid,
has been the development of less corrosive and effective
direct esterification catalysts. Today, hypophosphorous
acid can replace phosphoric acid with advantage, and a
number of nonacidic, metal-containing compounds may
also be used such as dibutyl tin oxide and certain titanium-,
silicon- and boron-containing materials.

CONTINUOUS MONOG LYCERIDE PRODUCTION
A N D OTHER INNOVATIONS

Seven American patents issued during 1945 and 1967
(19-25) attest to the fact that continuous processing is
feasible for monoglyceride production by fat glycerolysis.
Despite these patents, a large proportion of the U.S. pro-
duction of "40% and 60% monoglycerides" is still made by
nonsolvent batch glycerolysis processing. Typical "60%
monoglyceride" products from such batch processing
conform to an optimum total monoglyceride content of
58-60%, and it is not practical for several reasons to force
the atmospheric pressure glycerolysis reaction to higher
conversions.

The use of solvents has long been known t o give im-
proved reaction medium homogeneity, and consequently,
to afford somewhat higher yields of monoglycerides, but
the number of solvents which offer simultaneous miscibility
of glycerol with the fat components is not large. Examples
include 83% total (and 75% r,-mono-) with sunflower oil

using pyridine (26), and also the use of phenol and cresols
(27) or dioxane (28). The use of solvents for monoglyceride
production necessitates the need for solvent storage,
handling, solvent recovery, as well as the removal of solvent
more or less completely from the product. The toxicity of
several available solvents does not permit their use for the
production of edible products. Furthermore, solvent use
decreases the production capacity of the reactor, and for
these various reasons, solvent-based methods have not been
extensively developed.

The use of pressures higher than atmospheric for
carrying out glycerolyses is also known t o improve yields,
but recent work indicates that the effect is greater than
previously anticipated. A 1967 U.S. patent (25)demon-
strates that the production of conventional 60% monogly-
cerides can readily be achieved corresponding to 58.2%
0t-mono content if the glycerolysis is conducted at medium
pressures such as 40 PSIG. The use of CO2 as both catalyst
and blanketing agent is said to yield at 100 PSIG an 82%
~-monoglyceride from castor oil; similarly, from peanut oil
the yield is 73% ~t-mono- and from coconut oil, 74.5% (29).
These high yields appear to economically justify processing
based upon continuous pressure glycerolyses.

Another innovation is the possibility of using glyceroly-
sis of methyl esters for the production of monoglycerides.
A Japanese report (30) indicates that 50.6-54.9% tz-mono-
glycerides result from the glycerolysis of methyl esters (1
mole methyl esters and 1.5-4.0 moles glycerol) with 0.1%
KOH at 215-220 C in only 25-30 min with the removal
of methanol by distillation. Israeli work (31)substantiates
these claims.

TECHNOLOGY BREAKTHROUGH IN
SUGAR ESTERS?

Extensive research and development in the early 1950s
on sugar esters appeared certain to be translated to an early
industrial scale reality. The products possessed excellent
functionality for detergent applications, possibly also for
cosmetics. They were based upon cheap, readily available
raw material and were nontoxic and biodegradable. Early in
the process development i t was apparent that fat ty acids
could not be used to esterify the sensitive hydroxyl groups
of the sucrose molecule; sucrose carmelized if held for long
at temperatures of 105 C. Only methyl esters, possibly
phenyl esters (32), offered any promise at all for success,
and even with the cheaper methyl esters the establishment
of the proper reaction medium and conditions for satis-
factory conversion was difficult. Solvents like dimethylsul-
foxide (33,34), dimethylformamide (33, 35-40), methyl-
benzylamine (41) and substituted morpholine or piperi-
dines (42) were evaluated; none were successfully
developed and applied for large production. Xylene was
investigated as a heterogeneous extractive solvent (33, 43).

About 1967 the "micro-emulsion" process (44) was
proposed t o eliminate the use of solvents; propylene glycol
was employed as a reaction vehicle. In 1970 Feuge and
c0workers (45) were able to interesterify sucrose with
monopalmitin, distearin, or technical grades of 40% mono-
glycerides from hydrogenated cottonseed oil at tempera-
tures of 170-187 C without exhorbitant decomposition
using mixtures of lithium, sodium and potassium soaps as
catalyst-emulsifiers. With lithium oleate the products were
90% of tetraesters or higher; lower esters could be produced
by blending the emulsifiers t o include sodium or potassium
soaps. A German patent assigned t o Tate and Lyle, Ltd. (46)
describes the preparation of sucrose esters from a nonsol-
vent media at 125 C. The process involves sucrosolysis of
methyl esters such as those obtained from tallow with
K2CO 3 highly emulsified through the use of an emulsifier
system consistIng of sucrose monoester and tallow fat ty
acids. But perhaps a major breakthrough In methyl ester
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processing is exemplified in a nonsolvent, two-step emul-
sion process developed by Procter & Gamble Company
(47). It involves the preparation of sucrose polyesters (SPE)
which permits the use of less soap emulsifiers than hereto-
fore based upon the use of metallic sodium or potassium or
their hydrides added to the mixture of sucrose, methyl
esters and soap at temperatures as low as 130 C. In the first
step, methyl esters and sucrose at a 3:1 molar ratio are
reacted emulsified with potassium soap to form low sucrose
esters. In the second step, more methyl esters are added and
reacted t o produce SPE in yields up t o 90% based on
s u c r o s e .

M E T H Y L ESTERS AS SUBSTITUTES FOR
F A T T Y ACIDS

In the earlier papers by Sonntag and by Farris the
preferred use of methyl esters as replacements for fatty
acids was mentioned. Actually, for several uses methyl
esters are not replacements for fatty acids, for in these
instances the methyl esters are useful and the fatty acids do
not perform. Examples include the preparation of sucrose
esters and "superamides." In other applications methyl
esters possess singular advantages over fatty acids but the
acids do perform. Examples are fractional distillation,
simple amide preparation and nitrile preparation.

It is difficult to estimate the volume of methyl esters
produced both for use as such and for conversion into
many derivatives. Much of the production is directly from
fats and oils; only a small part is directly from fatty acids,
and perhaps 20% is from acidulated vegetable oil or animal
fat soapstocks. The volume used is certain t o grow substan-
tially, and sooner or later it will be desirable to report and
tabulate this production, just like the monthly compilation
of fatty acids by the FAPC.

TRENDS IN NEW MATERIALS OF CONSTRUCTION

The development of new metals has afforded us
materials of significantly improved resistance t o acid
corrosion, of lighter weight, and, in some cases, superior
strength. Examples of valuable new metals variously suited
for uses in fatty acid equipment are Incoloy 825, "E-Brite,"
Carpenter 20Cb and AL-6X (Allegheny Ludlum). We are
observing a decrease in the use of conventional metals like
Monel, lnconel and aluminum in the fatty acid industry.
Perhaps, in retrospect, nothing has occurred quite so
quickly as the observed trend in the last three years to
completely eliminate asbestos as an insulating material.
Certainly this change appears to be justified.

THE A D V E N T OF WATER EMULSION SEPARATION

Faced with a choice of separative processing within the
last five years, two American companies (Darling & Com-
pany, Chicago, IL and A. Gross & Company, MiUmaster
Onyx Group, Newark, NJ) and one Canadian organization
(Canada Packers, Ltd., Toronto, Ontario) selected the
"Henkel process" (48-51), a technique employing water-
containing emulsifiers like sodium lauryl sulfate and salts
like magnesium sulfate t o emulsify liquid (unsaturated)
fatty acids away from solid (saturated) acids with the use of
centrifuges. Apparently, we can conclude that the
economics for water emulsification separation does com-
pare satisfactorily with that for low temperature solvent
crystallization.

PROSPECTS FOR ETHOXYLATION AS A
UNIT OPERATION

While most of us have already accepted ethoxylation as
an established fatty acid unit operation, the prospects for
further utilization of this technology appear quite attrac-

tive. Ethoxylated sugar esters are one product group that
will require close attention as the products are potentially
very useful. "Tailormaking" can be applied t o this family of
ethoxylates with good success, according t o early results.

Among the required analytical techniques for ethoxyla-
tion in general is one capable of separating all of the homo-
logs in the Poisson distribution of c o m p o n e n t s that are
formed in the ethoxylation of raw materials such as fatty
acids, alcohols, glycols, amines and amides, and ultimately,
ethoxylated carbohydrates like sugar esters. Such analytical
methods now appear t o be at hand as judged by the
development of separative methods based upon trifluoro-
acetyl or silylated derivatives in GLC methodology or more
recently, by HPLC, and should be of inestimable value in
the characterization of ethoxylated products.

The enthusiasm for ethoxylation, however, must be
tempered by the realization that we are handling a poten-
tially dangerous raw material. A recent report (52), which
was widely distributed, bore the caption "Ethylene Oxide
Linked t o Leukemia" and related information indicating
that the Swedes have found it necessary to lower the eight
hour time weighted average exposure limit for Swedish
factory workers from 20 to 10 ppm for ethylene oxide as a
consequence of this disturbing data.

POLYUNSATURATED F A T T Y ACIDS
FROM FISH OILS

Papers previously mentioned the .possibility of utilizing
polyunsaturated fat ty acids derived from fish oils. The raw
materials are cheap, available and abundant, but the
development of appropriate technology remains to be
achieved before any commercialization for these acids can
be realized. Splitting techniques would require extra-
ordinary gentle methods such as enzymatic hydrolysis t o
avoid structural changes in the sensitive polyunsaturated
systems of double bonds of the fish fatty acids; further-
more, methods of recombining the fatty acids to the
required derivatives are not as yet fully developed. The
challenge is broad (both edible products and polymerized
acids are just two of several attainable end products) and
the potential is large.

FAT MODIFICATION BY ESTER INTERCHANGE

Triglyceride ester-ester interchange is an established unit
operation in the food industry for the improvement in the
physical properties of products like lard, margarine,
shortening, and "'hard butters." While it appears that the
unit operation is applicable to inedible products such as
synthetic lubricant esters, there has been, thus far, no large
application of this technology t o inedible products. The
potential utility for modification of triglyceride esters with
ethyl (or methyl?) esters by the process of interchange has
been recently developed. Palm oil, interesterified with ethyl
oleate, could be converted to a salad oil if saturated ethyl
esters were eliminated by fractional distillation (53). A
continuous industrial scale plant with a capacity for the
interesterification of 100 tons/24 hr of palm oil is said t o
be contemplated for Israel. The prospects for the modifica-
tion of triglycerides for industrial purposes represent an
attractive possibility.

SYNTHETIC F A T T Y ACIDS

Despite the fact that Russian and eastern-European
production of synthetic fat ty acids by hydrocarbon oxida-
tion is estimated at ca. 1.1 billion pounds (1978), compared
t o U.S. "natural" production of 956 million pounds,
exclusive of tall oil fatty acids, there is still no significant
American production (i979) of SFA. Best possibility
continues to be Ethyl Corporation's U.S.-produced SFA,
apparently by Ziegler alcohol technology followed by
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caust ic f u s i o n (54,55), w h i c h are stra ight chain, e v e n -
n u m b e r e d a c i d s designed to be competi t ive wi th h y d r o -
g e n a t e d c o c o n u t o i l f a t t y acids . Potential p r o d u c t i o n o f
s h o r t e r c h a i n f a t t y a c i d s include c a p r o i c ( h e x a n o i c ) a n d
h e p t a n o i c acids , presumably by oxidat ion o f the c o r r e -
sponding aldehydes.
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