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ABSTRACT

Fish o i l s , o f t e n a n a b u n d a n t s o u r c e o f C20 a n d
C22 f a t t y a c i d s , c o u l d s u p p l e m e n t r a p e s e e d oil in the
m a n u f a c t u r e of l o n g c h a i n s a t u r a t e d f a t t y a c i d s .
H e r r i n g oil, traditionally t h e fish oil o f c h o i c e , i s in
very s h o r t s u p p l y due to d e p l e t i o n o f f i s h e r y s t o c k s .
M e n h a d e n oil, w h e n m a d e from fish c a u g h t in the
Atlantic, c o u l d f u r n i s h a s t e a d y s u p p l y w i t h long
c h a i n a c i d s at a b o u t t h e 30% level. O i l m a d e from
o t h e r s p e c i e s s u c h a s a n c h o v y o r p i l c h a r d n e e d
f u r t h e r d a t a o n f a t t y a c i d c o n t e n t a n d variability.
M a n u f a c t u r e o f p o l y u n s a t u r a t e d f a t t y a c i d s from fish
oils i s h a m p e r e d by l a c k o f s u i t a b l e p r o c e d u r e s . Po-
t e n t i a l m a r k e t s f o r fish oil p o l y u n s a t u r a t e s especially
in t h e p h a r m a c e u t i c a l f i e l d seem p r o m i s i n g .

INTRODUCTION
Fish oils have b e e n u s e d t o only a s m a l l e x t e n t in t h e

past a s a r a w m a t e r i a l s o u r c e for t h e m a n u f a c t u r e o f in-
d u s t r i a l fat ty a c i d s . C e r t a i n c h a n g e s in characteristics o f
m o r e conventional r a w m a t e r i a l s o u r c e s , especially f o r
m a n u f a c t u r e o f long c h a i n f a t t y a c i d s , m a y m a k e t h e use o f
fish oils in the f u t u r e a s o u r c e to be g i v e n g r e a t e r c o n s i d e r a -
t i o n . This p a p e r d i scusses fish oils from the s t a n d p o i n t o f
t h e i r utilization for s u c h a p u r p o s e . C o n s i d e r a b l e e m p h a s i s
i s p l a c e d on b a c k g r o u n d i n f o r m a t i o n c o n c e r n i n g fish oils
w h i c h c a n be a p p l i e d t o w a r d selections o f t y p e s o f fish oil
most s u i t a b l e for s u c h u s e .

F i sh oils d i f f e r from most o t h e r n a t u r a l triglycerides by
h a v i n g (a) a m u c h g r e a t e r n u m b e r o f d i f f e r e n t c o n s t i t u e n t
f a t t y a c i d s ; (b) more l o n g e r c h a i n f a t t y a c i d s ; (c) a con-
s i d e r a b l e p r o p o r t i o n o f t h e f a t t y a c i d s in a h i g h l y p o l y u n -
s a t u r a t e d form (up t o six d o u b l e b o n d s ) ; a n d (d) a b u n d a n t
q u a n t i t i e s o f long c h a i n p o l y u n s a t u r a t e s o f t h e omega-3
t y p e .

F i sh oils are m a n u f a c t u r e d usua l ly f r o m w h o l e f i s h , but
s o m e t i m e s from t r i m m i n g s f r o m fish c a n n e d o r p r o c e s s e d in
s o m e o t h e r m a n n e r . The oil i s p r e p a r e d a l o n g w i t h f i s h
m e a l , a d r i e d p r o t e i n p r o d u c t u s e d in f e e d i n g o f p o u l t r y
a n d occasionally for o t h e r animals. S o m e t i m e s a t h i r d
p r o d u c t , c o n d e n s e d fish s o l u b l e s , i s also p r e p a r e d . T h e
m a n u f a c t u r i n g p r o c e d u r e (1) consists o r d i n a r i l y o f c o o k i n g
the fish w i t h s t e a m , p r e s s i n g oil a n d c o o k w a t e r from t h e
s o l i d s ( p r e s s c a k e ) , d r y i n g o f this p r e s s cake into fish
m e a l , evaporating part o f t h e w a t e r f r o m t h e a q u e o u s p h a s e
to p r o d u c e the c o n d e n s e d fish s o l u b l e s , a n d s e p a r a t i n g t h e
oil f r o m a c c o m p a n y i n g w a t e r by one o r more c e n t r i f u g a -
tion s t e p s .

T h e oil m a y be sold a t this s t a g e a s a c rude fish oil o r it
m a y be f u r t h e r r e f i n e d (2) by one o r m o r e s u c h s t e p s a s
winterization, d e g u m m i n g , b l e a c h i n g , "alkali t r e a t m e n t a n d
d e o d o r i z a t i o n .

I n t h e U n i t e d S t a t e s the principal fish oil p r o d u c e d i s
m a d e from m e n h a d e n , w h i c h a b o u n d s a l o n g t h e A t l a n t i c
C o a s t from N e w Y o r k s o u t h w a r d a n d a r o u n d into t h e Gul f
o f M e x i c o . M e n h a d e n oil p r o d u c t i o n m a k e s up ca. 90% o f
the t o t a l U.S. fish oil o u t p u t . O t h e r s p e c i e s e m p l o y e d f o r
fish oil m a n u f a c t u r e in this c o u n t r y i n c l u d e t u n a , an-
c h o v y a n d herring. The a n n u a l a m o u n t o f fish oil p r o d u c e d
in t h e U n i t e d S t a t e s , w h i l e f l u c t u a t i n g w i d e l y , g e n e r a l l y
a m o u n t s t o a r o u n d 200 m i l l i o n p o u n d s . Most o f t h e
U . S . - p r o d u c e d fish oil, o f t e n up to 9 0 % o r m o r e , i s e x -

p o r t e d for h y d r o g e n a t i o n for use in s h o r t e n i n g o r
margarine. The s m a l l r e m a i n d e r g o e s m o s t l y into p a i n t a n d
v a r n i s h m a n u f a c t u r e . T h e s t i l l s m a l l e r r e m a i n i n g a m o u n t i s
largely u s e d in t h e m a n u f a c t u r e o f c h e m i c a l s o f w h i c h
s a t u r a t e d f a t t y a c i d s a r e o n e o f t h e main t y p e .

The principal fish o i l p r o d u c e d a b r o a d i s a n c h o v y o i l
m a n u f a c t u r e d primarily in P e r u ( a l s o C h i l e to a l e s s e r
extent). This i n d u s t r y i s the largest c u r r e n t s o u r c e o f fish
o i l in t h e w o r l d . A n n u a l p r o d u c t i o n o f 3 0 0 m i l l i o n lb. o r
more is n o t u n c o m m o n . T h e s e c o n d largest p r o d u c t i o n o f
f o r e i g n - m a d e fish oil h a s b e e n h e r r i n g oil, but in r e c e n t
y e a r s the a m o u n t p r o d u c e d h a s b e e n m a r k e d l y declining.
T h e r e are m a n y o t h e r f i s h oils p r o d u c e d a b r o a d
in s m a l l to m o d e r a t e q u a n t i t i e s i n c l u d i n g s a r d i n e oils in
S o u t h A f r i c a a n d J a p a n , s a u r y oil in J a p a n , c a p e l i n oil in
n o r t h e r n E u r o p e a n c o u n t r i e s , a n d fish l i v e r o i l s , especially
in J a p a n .

F A T T Y ACID COMPOSITION OF FISH OILS
T h e r e s e e m s to be a g e n e r a l l y prevailing b e l i e f that a fish

oil m a d e from fish o f a p a r t i c u l a r s p e c i e s wi l l have a charac-
teristic f a t t y acid p a t t e r n w h i c h wi l l vary only a little from
o n e s a m p l e to a n o t h e r . A c t u a l l y , d i f f e r e n t b a t c h e s o f
c o m m e r c i a l l y m a n u f a c t u r e d fish off m a d e from the same
s p e c i e s o f fish o f t e n vary q u i t e wide ly in f a t t y acid c o m p o -
sition. This i s t h e case even w h e n the b a t c h e s o f off are very
l a r g e , each representing t h o u s a n d s o r s o m e t i m e s m i l l i o n s o f
i n d i v i d u a l f i s h . F u r t h e r m o r e , t h e r e i s s o m e t i m e s a q u i t e
significant variation in f a t t y a c i d c o m p o s i t i o n o f fish o f the
s a m e s p e c i e s f r o m y e a r to y e a r . T h e s e d i f f e r e n c e s a r i s e from
t h e fact that t o a very l a rge e x t e n t , the f a t t y acid c o n t e n t
o f the oil o f a fish d e p e n d s u p o n the c o m p o s i t i o n o f t h e
l i p i d in t h e f o o d w h i c h t h e fish eat . While it i s t r u e that fish
have t h e a b i l i t y to a l t e r fat in t h e i r f o o d as c o n s u m e d so a s
t o lay down some f a t t y a c i d s d i f f e r e n t from any in t h e
c o n s u m e d f o o d , this e f f e c t i s l a r g e l y o v e r r i d d e n by t h e
m o r e i m p o r t a n t d i r e c t l a y i n g down in t h e fish t i s sue o f t h e
s a m e f a t t y a c i d s p r e s e n t in t h e f e e d . A s t h e f o o d a v a i l a b l e
t o fish v a r i e s greatly f r o m p l a c e t o p l a c e o r t ime to t i m e ,
the f a t t y acid c o n t e n t o f t h e oil o f t h e fish l i k e w i s e s h o w s
wide variation.

It is only w i t h i n the past f e w y e a r s t h a t t h e e x t r e m e l y
wide variability in t h e f a t t y a c i d c o n t e n t o f fish oils h a s
b e e n r e c o g n i z e d a t all, a n d m a n y are s t i l l u n a w a r e o f this
situation. The l i t e r a t u r e i s f u l l o f d a t a s u p p o s e d l y represent-
Lug t h e f a t t y a c i d p a t t e r n o f fish o i l s . Yet in a very l a rge
p o r t i o n o f s u c h d a t a the a n a l y s e s were c a r r i e d o u t u p o n oil
f r o m o n l y a very f e w i n d i v i d u a l f i s h . S u c h data are a l m o s t
meaningless. R a t h e r extensive s a m p l i n g p r o g r a m s are
n e e d e d b e f o r e we c a n e x p e c t r e s u l t s w h i c h will give some
i d e a a s to t h e " a v e r a g e " f a t t y a c i d p a t t e r n a n d t h e d e g r e e o f
variability. B a s e d u p o n d a t a a p p e a r i n g in the literature,
s u c h i n f o r m a t i o n i s available f o r only t w o s p e c i e s o f f i s h ,
h e r r i n g a n d m e n h a d e n .

What m i g h t be c o n s i d e r e d as a v e r a g e v a l u e s for the
c o n t e n t s o f t h e m o s t c o m m o n f a t t y a c i d s in m e n h a d e n off
is s h o w n in T a b l e I. Also s h o w n in t h i s t a b l e are t h e m i n i -
m u m a n d m a x i m u m a m o u n t s o f e a c h f a t t y acid a s f o u n d in
l a rge c o m m e r c i a l b a t c h e s o f m e n h a d e n oil f o r w h i c h
a n a l y s e s are available. T h e s e d e v i a t i o n s s h o w t h e la rge e r r o r
that e x i s t s if one m e r e l y a s s u m e d that all c o m m e r c i a l
m e n h a d e n o i l has t h e " a v e r a g e " f a t t y a c i d p a t t e r n . It p o i n t s
o u t the necessity for p u r c h a s e o f fish o i l o n t h e bas i s o f a
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T A B L E I

V a r i a t i o n i n C o n t e n t o f P r i n c i p a l F a t t y A c i d s i n L a r g e C o m m e r c i a l B a t c h e s o f M e n h a d e n Oi l , P e r c e n t o f F a t t y Acid

C 1 5 : 0
a n d

F a t t y ac id C 1 4 : 0 C 1 7 : 0 C 1 6 : 0 C 1 6 : 1 C 1 8 : 0 C 1 8 : 1 C 1 8 : 2 C 1 8 : 3 C 1 8 : 4 C 2 0 : 1 C 2 0 : 4 C 2 0 : 5 C 2 2 : 5 C 2 2 : 6

M i n i m u m p e r c e n t 7 2 1 9 I 1 2 1 0 2 0 . 4 0 . 8 1 . 6 0 . 6 1 0 0 . 3 3 . 3
M a x i m u m p e r c e n t 1 6 4 2 4 1 8 3 2 3 3 1 . 7 3 . 6 2 . 7 2 . 1 IS 2 . 5 11
A v e r a g e a 1 0 3 2 1 1 2 3 1 2 3 1 3 2 2 1 3 2 8

aAverages were calculated from available da ta on analyses of large commercial batches of oil, but heavily weighted by the analyses provided
by Dr. Anthony Bimbo of Zapata Haynie Co. Thesevalues represented oil composi ted at intervals during an entire season and from oil made at
plants in different locat ions .

f a t t y acid analysis i f the end use d e p e n d s upon m i n i m u m
a m o u n t s o f given f a t t y acids .

T w o invest igat ions have been made of variat ions in f a t t y
acids ' p a t t e r n s in l a r g e b a t c h e s of h e r r i n g o i l . A c k m a n and
E a t o n (3) a n a l y z e d twelve different lo t s of Canadian-
p r o d u c e d h e r r i n g o i l m a n u f a c t u r e d in 1964 from fish
c a u g h t in the At lan t ic O c e a n near Halifax. R o b i s c h and
G r u g e r (4) m e a s u r e d the f a t t y acid c o n t e n t o f Pacif ic
h e r r i n g o i l m a n u f a c t u r e d at different seasons t h r o u g h o u t
two y e a r s . As was t h e case wi th m e n h a d e n o i l , t h e r e are at
t i m e s q u i t e signif icant deviat ions b e t w e e n a v e r a g e individ-
ual f a t t y acid c o n t e n t s and t h o s e of any one b a t c h of o i l .

A s i d e from t h e s e studies on large b a t c h e s o f industrial
m e n h a d e n and h e r r i n g o i l s , t h e r e are n o rel iable publ ished
data w h i c h can give any meaningful idea as to a v e r a g e or
r a n g e s of values for any industrial f ish o i l m a d e from o t h e r
species. T h e r e are, i n d e e d , a g r e a t m a n y p a p e r s w h i c h have
r e p o r t e d f a t t y acid c o n t e n t in n u m e r o u s o i l s from fish of
many different species. W h e n , h o w e v e r , one e x a m i n e s the
sampl ing p r o c e d u r e s used to o b t a i n the o i l upon w h i c h the
f a t t y acid c o n t e n t was determined, i t i s f o u n d that the data
m e r e l y applies to that particular smal l s a m p l e from a
relat ively few fish and c a n n o t be used to indicate what the
f a t t y acid c o n t e n t o f a n o t h e r b a t c h of o i l m a d e from the
same species m i g h t be.

An e x a m p l e of th i s d e a r t h of information i s the pub-
l ished data on S o u t h A m e r i c a n a n c h o v y o i l . This o i l in
r e c e n t y e a r s has r e a c h e d a v o l u m e w h i c h is by far the
greatest o f any fish o i l m a n u f a c t u r e d . Yet the only pub-
l ished data o n f a t t y acid c o n t e n t from an industrial S o u t h
A m e r i c a n a n c h o v y oi l was from a s ing le s a m p l e of o i l t a k e n
from a centrifuge o n one day in one fish o i l p lan t . Several
o t h e r studies have been made upon f a t t y acid c o n t e n t in o i l
e x t r a c t e d from a few individual a n c h o v y t a k e n at intervals
d u r i n g a season. Such informat ion, as has been indicated, i s
of l i t t l e value. One q u i t e good s a m p l e of industrial M e x i c a n
a n c h o v y oil w h i c h represents f ish t a k e n over a n e n t i r e
p r o d u c t i o n s e a s o n has been a n a l y z e d , but we have no way
of k n o w i n g w h e t h e r the a n c h o v y o f M e x i c o t a k e n
t h o u s a n d s o f m i l e s dis tant have similar f a t t y a c i d s p a t t e r n s
to t h o s e from S o u t h A m e r i c a .

It i s q u i t e possible , p r o b a b l y mos t l ike ly , that the f a t t y
acid c o n t e n t b f o t h e r industrial f ish o i l s has b e e n studied
and is well k n o w n w i t h i n c o m p a n i e s e i t h e r w h o m a n u -
f a c t u r e or use such fish o i l .

PRODUCTION OF LONG CHAIN
SATURATED F A T T Y ACIDS

In the f a t t y acid manufacturing indus t ry , r a p e s e e d o i l
has been the u s u a l raw material s o u r c e for long c h a i n f a t t y
acids . In r e c e n t c h a n g e s in r a p e s e e d growing practices,
g e n e t i c alterat ion has been made resul t ing in g r e a t l y re-
d u c e d c o n t e n t o f e r u c i c a c i d . Whi le th i s has been ad-
vantageous for m a n y o f the end uses in the nonindustr ial
f ie ld , th i s p r a c t i c e i s rais ing p r o b l e m s for t h o s e industrial
uses w h e r e very long c h a i n f a t t y a c i d s are n e e d e d . The

u l t ima te f u t u r e s i tua t ion regarding c o n t i n u e d avai labi l i ty of
a d e q u a t e a m o u n t s of high e r u c i c acid r a p e s e e d o i l has not
yet b e e n resolved. In the m e a n t i m e , t h e e x p a n d e d use of
f ish o i l s , the only o t h e r reasonably satisfactory source of
C20 and C22 f a t t y a c i d s , should be considered.

F i sh o i l s are used to a smal l e x t e n t for m a k i n g saturated
f a t t y acids . Such oi l s wi th t h e i r h igh c o n t e n t of very
polyunsaturated f a t t y a c i d s mus t be firs t hydrogenated to
c o n v e r t them to the saturated form i f the u s u a l cont inuous ,
h igh pressure, fat sp l i t t ing techniques are to be employed.
F i sh o i l s , a l though they fluctuate w i d e l y in p r i c e , are
usual ly l o w e r in p r i c e than mos t o t h e r su i tab le o i l s .

CHOICE OF MOST SUITABLE FISH
OIL SPECIES FOR LONG CARBONCHAIN,
SATURATED F A T T Y ACID PRODUCTION

The c h o i c e of w h i c h fish o i l to use for m a k i n g long c h a i n
s a t u r a t e d f a t t y acids wi l l be d e t e r m i n e d primari ly by the
f a t t y acid d is t r ibu t ion . T h o s e species of f ish o i l having the
highest p r o p o r t i o n of C20 and C22 f a t t y acids wi l l be
p r e f e r r e d . O t h e r f a c t o r s , such as our exis t ing knowledge of
the f a t t y acid c o n t e n t o f o i l , i t s var iabi l i ty from lo t to lo t ,
and to some e x t e n t the continued avai labi l i ty of such o i l s ,
wi l l have t o b e considered.

Up to the p r e s e n t t i m e herring o i l has been the preferred
species for such use. H e r r i n g o i l contains , in addi t ion to the
more u s u a l polyunsaturated C20 and C22 f a t t y a c i d s
c o n t a i n e d in f ish o i l s o f al l species, a very signif icant
a m o u n t of C20 and C22 m o n o e n e s . The p r e s e n c e of t h e s e
m o n o e n e s raises the c o n t e n t o f C20 and C22 from the
r a n g e o f 20 to 35% f o u n d in mos t o t h e r f ish o i l s to levels
usual ly in the r a n g e o f 40 to 48% in herring o i l .

Unfortunately, commercial herring o i l s are currently
a l m o s t nonexis tent , at least in pure f o r m . N o r t h A m e r i c a n
herring o i l product ion has almost c e a s e d . In both C a n a d a
and the U n i t e d States the avai lable h e r r i n g stocks have
e i t h e r disappeared, or especially in C a n a d a , drast ical ly
decl ined. In C a n a d a government regulat ions now st ipu la te
that herring can no l o n g e r be r e d u c e d to o i l and meal
e x c e p t w h e r e mos t o f the f ish i s used for h u m a n food with
only the t r immings avai lable for o i l product ion. In
N o r t h e r n E u r o p e including Iceland, w h i c h has been the
s o u r c e of the bulk o f past herring o i l product ion on a
w o r l d w i d e bas is , such a dras t ic decline in herring stocks has
o c c u r r e d that a ban o n herring f ishing for the 1979 s e a s o n
wi l l p r o b a b l y be p l a c e d b y mos t countr ies .

F u r t h e r m o r e , over the past several y e a r s much o f the
so-called herring o i l i s r e a l l y a m i x t u r e of o i l made from
herring and o t h e r species. Such m i x e d o i l may s t i l l be
h i g h e r in C2o and C22 f a t t y a c i d s than o i l from o t h e r
species. The c o n t e n t o f t h e s e l o n g e r c h a i n f a t t y acids,.
h o w e v e r , mus t vary over wide Limi t s d e p e n d i n g upon the
p r o p o r t i o n of h e r r i n g in the m i x e d o i l and upon the con-
tent of C2o and C22 f a t t y acid in the o t h e r species o f f ish
w h i c h are r e n d e r e d t o g e t h e r wi th the herr ing. Capel in , o n e
o f t h e s e species, has a high p r o p o r t i o n o f C20 and C22
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f a t t y acids; several o t h e r species, h o w e v e r , are b e i n g u s e d ,
a b o u t w h i c h t h e r e i s h t t l e or no information regarding t h e i r
c o n t e n t of the long c h a i n f a t t y acids .

If h e r r i n g o i l i s not avai lable in sufficient q u a n t i t y to
furnish a raw material for long c h a i n f a t t y acid m a n u -
f a c t u r e , a c h o i c e a m o n g o t h e r avai lable o i l s is a diff icul t one
u n t i l more is k n o w n a b o u t the c o n t e n t and variabi l i ty o f C20
and C22 f a t t y acids in the various o i l s . In mos t o t h e r o i l s
the p r o p o r t i o n of C 20 and C 22 f a t t y a c i d s i s apt to be only
at levels b e t w e e n 20 and 35%. A m o n g al l the avai lable
commercial f ish o i l s o t h e r than herring, publ ished data on
such levels i s sufficient only for m e n h a d e n o i l . The c o n t e n t
of C2o and C22 f a t t y acids from oi l made from the
Atlantic-caught f ish averages ca. 30%, w h i l e that made from
Gul f o f Mexico-caught m e n h a d e n averages ca. 25% ( T a b l e
II). U n l i k e the p r o d u c t i o n o f f ish o i l of o t h e r species such
as h e r r i n g and pilchard, the p r o d u c t i o n of m e n h a d e n o i l has
for many d e c a d e s r e m a i n e d reasonably s tab le so that i f a
c o n t e n t o f the C2o and C22 f a t t y a c i d s of ca. 30% is ade-
q u a t e , u n d e r the p r e s e n t lack of k n o w l e d g e o f the f a t t y
acid composi t ion of o t h e r f ish o i l s , m e n h a d e n w o u l d be the
best subs t i tu t e for h e r r i n g o i l for th i s p u r p o s e .

O t h e r oils for w h i c h p r e s e n t information is inadequate
but w h i c h should b e invest igated include a n c h o v y , pi lchard,
and t u n a . The a n c h o v y oi l made primari ly in S o u t h
A m e r i c a , largely in P e r u , has s h o w n wide variat ion in
product ion levels , even t h o u g h in the past two d e c a d e s i t s
v o l u m e o f p r o d u c t i o n has been g r e a t e r than that of any
o t h e r f ish oil. In 1977 such a low p r o d u c t i o n was achieved
that i t a p p e a r e d that the indust ry m i g h t decline to one of
very m i n o r importance, but greatly increased p r o d u c t i o n in
1978 gives an opt imis t ic , view that the fishery is reviving.
Only the f a t t y acid analysis of a s ing le b a t c h of commercial ,
S o u t h A m e r i c a n a n c h o v y oi l has been publ ished. This lo t of

a n c h o v y oi l c o n t a i n e d 32% C20 and C22 f a t t y acids . A
much g r e a t e r n u m b e r of analyses of d i f f e r e n t b a t c h e s o f
commercial a n c h o v y oi l mus t be avai lable b e f o r e we can
have any good idea w h e t h e r such a v a l u e i s typical .

Likewise, only a very few f a t t y acid analyses, in mos t
c a s e s o f r a t h e r smal l b a t c h e s of pilchard o i l , have been
publ ished. T h e s e show no a g r e e m e n t as to what m i g h t be

• e x p e c t e d , values ranging for C20 and C22 tota ls from less
than 30% to over 50%. Tuna o i l l ikewise has l i t t l e publ ished
information on i t s long c h a i n f a t t y acid c o n t e n t . A l t h o u g h
the l imi ted information on tuna o i l that i s avai lable m i g h t
indicate that t h e s e f a t t y a c i d s may a v e r a g e 35%, the tuna
o i l i s p r e p a r e d in such a m a n n e r that i t i s the mos t diff icul t
of al l commercial f ish o i l to r e f i n e and, even in i t s best
r e f i n e d f o r m , p r o b a b l y w o u l d c o n t a i n too many impuri t ies
for i t to be considered as a raw material for f a t t y acid
product ion.

PRODUCTION OF POLYUNSATURATED F A T T Y
ACIDS FROM FISH OILS

Product ion m e t h o d s for polyunsaturated f a t t y a c i d s
from fish o i l s involve techniques for w h i c h r e s e a r c h has not
yet p r o v i d e d ful ly satisfactory p r o c e d u r e s . A m e t h o d
described in 1902 (5) for e n z y m a t i c sp l i t t ing of polyun-
s a t u r a t e d fats by m e a n s o f e n z y m e s from c a s t o r b e a n s was
used to a l imi ted e x t e n t in past y e a r s . It has several dis-
advantages, pr incipal ly that the spht t ing is incomplete.
W h e t h e r such a m e t h o d c o u l d be i m p r o v e d by f u r t h e r
r e s e a r c h i s uncertain. Lack o f a su i tab le m e t h o d for th i s
p u r p o s e has prevented the u n i q u e polyunsaturated c h a r a c -
teristics o f f ish o i l f a t t y a c i d s from achieving several
potent ia l ly i m p o r t a n t appl icat ions .

F i sh o i l triglycerides have been fractionated w i t h o u t fat
sp l i t t ing by use of m o l e c u l a r d i s t i l l a t ion . D u r i n g the 1 9 6 0 s
at the Sea t t l e Fishery Technological Laborator3~many tons
o f m e n h a d e n o i l triglycerides were molecularly dis t i l l ed and
dis t r ibuted to medical inst i tutes for tes t ing in various

TABLE II

Content of C20 and C22 Fat ty Acids in Menhaden Oila
Percent C20 and C22 Fat ty Acids

Year

Menhaden oil Menhaden oil
from fish caught from fish caught

in At lan t ic in Gul f of Mexico

1976 30 24
1977 31 24
1978 28 27
Three yearaverage 30 25

aThese data were provided by Anthony Bimbo, Director of Re-
search, Zapata Haynie Corp . The samples in each case are from pro-
duct ion in several plants taken at intervals throughout the season.
These data give excellent average figures for the fatty acid contents
during the years reported.

Cont¢o , pa t ,enrs
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FIG. 1. The proport ion of pat ients ( some on a special diet in
which seafood was the principal source of polyunsaturates) surviving
over a 16 to 19 year per iod. The average number of months of
survival is also shown. The data cover 80 individuals on the special
diet and 126 who followed the i r usual eating habi t s . All pat ients in
the experin~ent had suffered a heart incident before the experiment
began.

pharmaceutical uses (5). At f i rs t th i s d is t i l l a t ion was m a d e
in one step for producing a tasteless p r o d u c t for h u m a n
feeding s tudies . It was also f o u n d that by collect ing dif-
f e r e n t fractions d u r i n g the d is t i l l a t ion , different d e g r e e s of
unsaturat ion o f the resul t ing triglycerides c o u l d be
achieved (6). Many h u n d r e d s of p o u n d s of the las t d is t i l l ed
fraction of very high iodine v a l u e were l ikewise dis t r ibuted
for m e d i c a l r e s e a r c h . This f r a c t i o n c o n t a i n e d ca. 50% of
docosohexaenoic a c i d .

If f ish o i l polyunsaturates are to be p r o d u c e d , i t m i g h t
be p r e f e r a b l e to p r e p a r e f irs t b y m o l e c u l a r d is t i l l a t ion the
corresponding c o n c e n t r a t e d polyunsaturated triglyceride
fract ions. If u p o n tes t ing t h e s e s e e m e d to be as m a r k e t a b l e
for potential u se as i s presently tentat ively indicated, then
i t w o u l d be t i m e to c a r r y out the p r o b a b l y diff icul t and
extensive r e s e a r c h n e e d e d to d e v e l o p m e a n s for p r o d u c i n g
the polyunsaturated f a t t y a c i d s from the f ish o i l .

POTENTIAL USES FOR FISH OIL
POLYUNSATURATED F A T T Y ACIDS

If polyunsaturated f ish o i l f a t t y a c i d s c o u l d be r e a d i l y
p r o d u c e d , t h e r e are several potential m a r k e t s for such
p r o d u c t s w h i c h d e p e n d upon the u n i q u e p r e s e n c e of both
the highly polyunsaturated f a t t y a c i d s wi th five and s ix
d o u b l e b o n d s and upon the p r e s e n c e o f a considerable
p r o p o r t i o n of o m e g a - 3 t y p e s of f a t t y acids . Such applica-
t i o n s are poss ib le in both industrial and pharmaceutical
a r e a s . O n e such potential applicat ion is in pharmaceuticals.
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D u r i n g t h e e a r l y 1 9 6 0 s a t t e m p t s w e r e m a d e t o m a r k e t a
pharmaceutical p r o d u c t c o n s i s t i n g o f fractionated fish oil
triglycerides a n d f a t t y a c i d s for t r e a t m e n t o f h e a r t p a t i e n t s
for r e d u c t i o n o f s e r u m cholesterol. This a t t e m p t was
p r e m a t u r e b e c a u s e most o f t h e e v i d e n c e that s u c h f a t t y
a c i d s w e r e effective was b a s e d u p o n r a t - f e e d i n g t e s t s a n d
w i t h only a very f e w e x t r e m e l y s h o r t term h u m a n f e e d i n g
t e s t s at that t ime h a v i n g b e e n m a d e . S i n c e t h e n , at l e a s t o n e
very long t e r m d i e t a r y test h a s b e e n c a r r i e d o u t by a h e a r t
specialist w h o a d v i s e d h i s p a t i e n t s w h o h a d s u f f e r e d a h e a r t
a t t a c k to go o n a diet w i t h h i g h fat s e a f o o d c o n s u m e d
several t i m e s per w e e k . This p h y s i c a n s u c c e e d e d in g e t t i n g a
p o r t i o n o f his p a t i e n t s to f o l l o w t h e d i e t f o r up to n i n e t e e n
y e a r s a n d w i t h very d r a m a t i c r e s u l t s (7). O f the 80 p a t i e n t s
w h o a d h e r e d to t h e d i e t , 51 ( 5 7 % ) w e r e alive a f t e r t h e 16
t o 19 y e a r s o f the t e s t . In contrast , o n l y 10 o f t h e 116 (9%)
u n d i e t e d patients survived. A l s o , the average m o n t h s o f
r e m a i n i n g life o f t h o s e d y i n g from s u b s e q u e n t h e a r t a t t a c k s
was 109 m o n t h s for the d i e t e d p a t i e n t s a s c o m p a r e d
t o only 58 m o n t h s for t h o s e not d i e t e d . T h e s e impressive
r e s u l t s wou ld i n d i c a t e t h e r e c o u l d be a d e m a n d for fish oil
p o l y u n s a t u r a t e d f a t t y a c i d s as a pharmaceutical w h i c h

c o u l d r e p l a c e the more t r o u b l e s o m e d i e t a r y r e g i m e a n d
e x t e n d t h e life o f p a t i e n t s u n w i l l i n g to f o l l o w the r ig id d i e t .

O t h e r p o s s i b l e p h a r m a c e u t i c a l applications f o r p o l y u n -
s a t u r a t e d fish oil f a t t y a c i d s inc lude use for m u l t i p l e
sclerosis (8) a n d f o r gall s t o n e treatment (9). T h e r e also
m i g h t be c o n s i d e r a b l e use m a d e o f h i g h l y p o l y u n s a t u r a t e d ,
o m e g a - 3 f a t t y a c i d s in t h e i n d u s t r i a l f i e l d a s a starting p o i n t
f o r c h e m i c a l synthesis o f a variety o f s u b s t a n c e s .
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Nitrogen Derivatives (Amides, Diamides, Nitriles, Primary
Amines and Oxides)
R.A. RECK, Armak Industrial Chemicals Division, Akzona, Inc.,
200 S. Wacker Drive, Chicago, IL 60606

ABSTRACT

W i t h o u t a d o u b t the n i t r o g e n derivatives are t h e
most b r o a d l y diversified f a m i l y o f f a t t y acid deriva-
tives. T o d a y they a c c o u n t collectively for p e r h a p s
4 0 0 m i l l i o n p o u n d s of p r o d u c t s p e r year in t h e USA

a l o n e . A l t h o u g h f a t t y a m i d e s m a y be p r o d u c e d by a
la rge n u m b e r o f synthetic r o u t e s , i n d u s t r i a l l y only
t w o are o f a n y c o m m e r c i a l i m p o r t a n c e . D i a m i d e s are
the d i f u n c t i o n a l a n a l o g s o f s i m p l e a m i d e s , a n d a
t y p i c a l one that is in m e d i u m s c a l e p r o d u c t i o n
v o l u m e is e t h y l e n e bis(stearamide). Industrially, t h e
p r o d u c t i o n o f f a t t y nitriles in t h e f a t t y a c i d derivative
i n d u s t r y i s exclusively by a m m o n o l y s i s o f f a t t y a c i d s
at t e m p e r a t u r e s s o m e w h a t a b o v e t h o s e r e q u i r e d t o
p r o d u c e a m i d e s , or r o u g h l y , 300-320 C. Both v a p o r
p h a s e catalytic a n d l iqu id p h a s e a m m o n o l y s i s pro-
c e s s e s may be e m p l o y e d . Nitriles have l i m i t e d uses a s
s u c h , but find t h e i r u t i l i t y a s f a t t y derivative i n t e r -
m e d i a t e s o n l y . The p r i m a r y a m i n e s , R N H 2 , are
p r o d u c e d i n d u s t r i a l l y by t h e c a t a l y t i c h y d r o g e n a t i o n
o f nitrites. The g e n e r a l c o n d i t i o n s for t h e conversion
o f n i t r i l e s to p r i m a r y a m i n e s w i t h a m i n i m u m c o n t e n t
o f s e c o n d a r y o r tertiary a m i n e s i s w i t h n i c k e l catalyst
u s i n g a n e x c e s s o f a m m o n i a at relatively l o w t e m p e r a -
t u r e s ( 1 3 0 - 1 4 0 C). A m i n e o x i d e s are d e r i v e d f r o m
tertiary a m i n e s by a c o n t r o l l e d r e a c t i o n w i t h h y d r o -
g e n peroxide. In a d d i t i o n to tertiary a m i n e s , the
m o n o a l k y l d i e t h o x y l a t e d a m i n e s can be c o n s i d e r e d
a s in the same c l a s s . T h e s e are m a d e by the a d d i t i o n
o f e t h y l e n e o x i d e to p r i m a r y a m i n e . T w o m o l e s o f
e t h y l e n e o x i d e can be a d d e d w i t h o u t catalyst. A d d i -
t i o n a l ethoxylation d o e s r e q u i r e a b a s i c catalyst.
T h e s e a m i n e s , be s ide s h a v i n g end uses o f t h e i r o w n ,
c a n be c o n v e r t e d to a m i n e o x i d e s o r can be converted
t o ethoxylated q u a t e r n a r y a m m o n i u m s a l t s .

AMIDES

Primary a m i d e s o f f a t t y a c i d s can be r e g a r d e d as s i m p l e
s u b s t i t u t e s of the h y d r o x y l o f t h e c a r b o x y l g r o u p with a n
a m i n o f u n c t i o n . S i m p l e a m i d e s have s t r o n g association
b e c a u s e o f h y d r o g e n b o n d i n g , w h i c h l e a d s to relatively h i g h
m e l t i n g p o i n t s for fat ty a c i d derivatives a n d l o w solubilities
in most solvents. All f a t t y a m i d e s are essentially i n s o l u b l e
in w a t e r . I n p o l a r solvents s o l u b i l i t y d e c r e a s e s w i t h increas-
ing c h a i n lengths, a n d a b o v e d o d e c a n a m i d e it is l o w in all
solvents. F a t t y a m i d e s have g o o d stability t o w a r d s air
o x i d a t i o n , heat a n d d i l u t e a c i d s o r b a s e s . The stability is, o f
c o u r s e , a f f e c t e d by t h e d e g r e e o f u n s a t u r a t i o n in the a l k y l
c h a i n .

Manufacture
Most s i m p l e a m i d e s o f f a t t y a c i d s are p r e p a r e d by the

r e a c t i o n o f the appropriate fat ty acid w i t h a n h y d r o u s
a m m o n i a in a b a t c h p r o c e s s :

o o o
If Ir II

R-C-OH + NH 3 ~ R-C-O-NIt 4 ~ R-C-NH2 + H20

The reaction is c o n d u c t e d at 180-200 C u n d e r s l i g h t
p r e s s u r e (50-100 psi) for 10-20 hr. P r e s s u r e i s m a i n t a i n e d
by the rate o f a d d i t i o n o f a m m o n i a a n d the w a t e r o f
r e a c t i o n i s r e m o v e d continuously. The e f f l u e n t stream is
c o l l e c t e d a n d the a m m o n i a p o r t i o n i s recovered and can be
r e c y c l e d . While m o s t s i m p l e a m i d e s are m a d e by this
p r o c e d u r e , the s t a r t i n g material can be a n ester. V a r i o u s
catalysts have b e e n e m p l o y e d in the m a n u f a c t u r e o f
a m i d e s . A m o n g them are b o r i c acid (1), A 1 2 0 3 (2), a n d
zinc a l k o x i d e s (3).

If t h e use o f a m m o n i a i s not convenient, it is p o s s i b l e to
p r e p a r e s i m p l e a m i d e s by r e a c t i n g u r e a w i t h a f a t t y acid in
a s e a l e d vessel at 170-240 C for 2 hr at elevated tempera-
t u r e s (4). O t h e r m e t h o d s r e p o r t e d in t h e literature for the
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