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ABSTRACT 

Methyl  l inolenate  18:36o3 and docosa-  
hexaenoa te  22:66o3 were incorpora ted  in 
semipur i f ied  diets at several levels and fed 
to  t rou t  previously main ta ined  on a fat- 
free diet. Af te r  14 weeks,  the  weight gain 

1presented in part at the AOCS Meeting, Atlantic 
City, October 1971. 

2Technical paper no. 3247, Oregon Agricultural 
Experiment Station. 

TABLE I 

Composition of Trout Diets 

Component Weight % 

Casein 53.9 
Gelatin 9.7 
Dextrin 17.1 
Lipid a 2.0, 
Mineral mix b 4.0 
Carboxymethylcellulose 1.4 
Alpha-cellulose (Alphacel-NBC) 8.7 
Vitamin mix c 2.0 
Choline chloride 1.0 
Vitamin E concentrate (330 IU/g as 

dl-~-tocopheryl acetate) 0.2 

aLipid composition listed in Table II. 
bBernhart-Tomerelli Salt Mix, modified by adding 

NaF and CaCI 2 at 0.002 and 0.02%, respectively. 
CSupplied vitamins at following levels: (mg/kg) 

thiamine, 64; riboflavin, 144; niacinamide, 512; biotin, 
1.6; Ca D-pantothenate, 288; pyridoxine, 48; folic 
acid, 19.2; menadione, 16; cobalamine, 0.159; i-ino- 
sitol (meso-), 2500; ascorbic, 1200; and p-aminoben- 
zoic acid, 400. Vitamins A and D were added at 25,000 
and 4000 IU/kg, respectively. 

and feed convers ion  of  the fish ola each 
diet were de te rmined .  The fa t ty  acid 
compos i t i on  of  the lipid f rom each group 
of fish was analyzed by gas liquid chro-  
matography .  Both  18:36o3 and 22:6603 
fed at the 1% level suppor t ed  max i mu m 
growth  of  the fish. The cont ro l  group, 
which were fed no  603 fa t ty  acids, exhib-  
i ted  a shock syndrome ,  poor  appet i te  and 
a very slow growth  rate. Tissue fa t ty  acid 
ana lys i s  revealed eicosatr ienoic acid 
20:36o9 accumula ted  in the phosphol ip id  
f ract ion of  this group. The 20:3669 level 
was lowered  when e i ther  18:36o3 or 
22:6603 was inc luded in the diet. Analysis 
showed  tha t  the dietary 18:3603 was 
rapidly conver ted  b y  the fish into 22:66o3 
wi th  a high concen t r a t ion  in the phos-  
phol ipid.  However  22:6603 fed to the fish 
remained unchanged  and little or no 
re t roconvers ion  of  this fa t ty  acid was 
observed.  

I N T R O D U C T I O N  

Recent  s tudies have demons t r a t ed  tha t  fa t ty  
acids of  the l inolenic family (663) are essential 
for ra inbow t rout ,  whereas acids of  the linoleic 
family (6o6) do no t  seem to be required.  Lee 
and coworkers  (1) repor ted  tha t  corn oil in a 
semipuri f ied diet led to  poor  growth and high 
mor ta l i ty  of  ra inbow t rout .  Replacing the corn 
oil wi th  fish oil greatly s t imula ted  growth  and 
prevented  fu r ther  mortal i t ies .  Castell and co- 
workers  (2,3) demons t r a t ed  that  t rou t  grew 
poorly on a diet  conta in ing  1% linoleic acid as 

TABLE II 

Effect of Dietary Lipids on Feed Efficiency and Mortality of Rainbow Trout 

Lipid composition, % 
Feed efficiency, a Accumulated 

Diet no. 12:0 18:3co3 22:6~o3 gain/feed mortality 

1 2.00 0 0 0.32 17 
2 1 .75  0 0.25 0.80 0 
3 1 . 5 0  0 0.50 0.88 1 
4 1.00 0 1.00 0.91 1 
5 1.50 0.50 0 0.84 3 
6 1.00 1.00 0 0.90 1 

aFeed efficiency is defined as units of weight gained per unit of dry feed consumed. 
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the only unsa tura ted  fa t ty  acid. The fish 
developed a shock syndrome ,  excessive liver 
mi tochondr ia l  swelling and o ther  symptoms.  
On the o ther  hand, Castell repor ted  excel lent  
growth of  the fish with a diet  containing 1% 
linolenic acid and r e c o m m e n d e d  this level be 
included in diets for ra inbow trout .  Their  
results suppor ted  the findings of  Richardson et 
aI. (4),  Brockerhof f  and Hoyle  (5), Brenner et 
al. (6) and Higashi et al. (7) that  l inolenic acid 
was nut r i t ional ly  more impor tan t  for fish than 
l inoleic acid. 

So far only l inolenic acid has been used to 
study the 603 fa t ty  acid requi rements  of  fish. 
The object ive of this expe r imen t  was to isolate 
the long chain highly unsa tura ted  docosahexa-  
enoic acid 22:6603 f rom fish oil and to compare  
the ef fec t  of  this fa t ty  acid with that  of  
l inolenic acid on growth and fat ty acid compo-  
sition of  ra inbow trout .  

MATERIALS AND METHODS 

Methyl l inolenate  18:36o3 and methy l  lau- 
rate 12:0, bo th  99% pure,  were obtained f rom 
the Hormel  Inst i tute.  The source of  docosa- 
hexaenoic  acid 22:6603 was Pacific Coho 
salmon roe which had been freeze dried and the 
oil ex t rac ted  with ch lo ro fo rm-methano l  2:1.  
The egg oil was conver ted  to fa t ty  acid methy l  
esters by use of  sodium methox ide  (8). The 
resulting esters were dissolved in acetone and 
subjected to low tempera ture  crystal l izat ion at 
-80 C. Af te r  removal  of  the precipi ta ted esters, 
the 22:6603 con ten t  increased f rom 21.0% to 
30.6% as es t imated by gas l iquid chromatog-  
raphy (GLC).  The 22:6603 was isolated f rom 
the ester mix ture  by argentat ion chroma-  
tography using a co lumn packed with silicic 
acid conta in ing 20% AgNO 3 (9). The elut ion 
solvents were similar to those described by 
Stein and Slawson (10) wi th  the addi t ion of  
equal parts of  the ant ioxidants ,  bu ty la ted  
hydroxyaniso le  and bu ty la ted  hydroxy to luene  
(0.001%) to prevent  au tox ida t ion  of the un- 
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FIG. l. Effect of dietary fatty acids on growth rate 
of rainbow trout. Curve 1, control trout diet con- 
taining no co3 fatty acid. Curves 2, 3 and 4, diets 
containing 0.25, 0.5 and 1.0% 22:6to3, respectively. 
Curves 5 and 6, diets containing 0.5 and 1.0% linolenic 
acid, respectively. 

saturated esters. The saturated and monounsa t -  
urated esters were eluted with  diethyl  ether-  
pentane 1 : 1 and more  highly unsatura ted  esters 
were eluted with  diethyl  e ther-pentane-cyclo-  
hexane 5:3:2 .  Final ly the ester of  2 2 : 6 w 3  was 
eluted wi th  diethyl  e ther -cyc lohexane  1:1. 
Fract ions conta ining high percentages of  
22:6603 were pooled.  The final p roduct ,  as 
analyzed by GLC, conta ined  97.0% 22:6603; 
2.5% 20:5603, and was free f rom 18 :3w3 and 
606 fa t ty  acids. The isolated 22:6603 was finally 
put  through a silicic acid co lumn to remove  the 
ant ioxidants  (11). 

Ra inbow t rout  (Salrno gairdneri) was used as 
the exper imenta l  animal.  Eggs f rom the brood 
stock of  this labora tory  were ha tched  and the 
fry fed a fat-free diet for one m o n t h  and then  
randomly  divided into  lots of  50 fish. Each 
exper imenta l  diet was fed to duplicate lots of  
fish. The compos i t ion  of  the diets is shown in 
Table I. The casein, gelatin, dextr in  and cellu- 
lose used in the diet had been ext rac ted  with  
warm isopropanol  to remove  trace lipids. The 

TABLE III 

Effect of Dietary Lipids on Growth of Rainbow Trout 

Average fish wt (g) in weeks a 

Diet 0 2 4 6 8 10 12 14 

l 0.53 0.76 0.97 0.97 1.03 1.21 1.35 1.56 
2 0.53 0.85 0.90 1.23 1.56 2.15 2.73 3.58 
3 0.50 0.78 0.92 1.19 1.63 2.39 3.23 4.32 
4 0.51 0.76 0.98 1.37 1.84 2.62 3.70 5.00 
5 0.53 0.79 0.94 1.28 1.75 2.51 3.37 4.47 
6 0.52 0.84 1.00 1.39 1.93 2.84 3.88 5.20 

aAverage of duplicate tanks. 
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TABLE IV 

Percentage Fatty Acid Composition of Phospholipids a 

Diet 

Fat-free, 
Fatty acids 1 month 1 2 3 4 5 6 

12:0 --  0.5 0.5 0.6 0.4 0.6 0.5 
14:0 0.9 2.4 2.2 1.8 1.7 2.2 2.0 
16:0 14.2 16.1 15.9 16.8 18.1 11.7 16.6 
16: l co7  9.7 14.1 12.7 11.9 10.5 12.1 10.5 
18:0 7.2 5.1 4.6 5.3 5.7 4.8 5.0 
18:1609 30.8 35.8 32.7 29.1 27.2 31.9 29.2 
18:2eo6 b 3.2 4.3 3.2 2.'7 2.3 2.8 2.1 
18:3to3 . . . . . . .  1.6 3.8 
20:1coll  b 3.5 2.9 2.6 2.5 1.8 2.3 2.0 
18:4co3 . . . . . . . .  1.1 2.3 
20:2to9 2.4 2.5 2.5 2.3 2.1 2.4 1.4 
20:3eo9 4.2 8.6 5.9 4.8 3.0 3.6 1.5 
20:4to6 1.1 1.2 0.6 0.5 Trace 0.8 0.6 
20:4eo3 . . . . . . . . . . .  0.6 
20:5(-o3 Trace --  Trace 0.9 0.8 1.7 1.5 
22:5to6 Trace 0.6 . . . . . . . . . .  
22:5co3 Trace . . . . . .  Trace Trace 
22:6093 23.0 5.7 16.8 21.0 26.7 16.1 20.9 

aAverage of analysis of duplicate tanks. 
bOther isomers may be present. 

q u a n t i t y  of  the  lipids in  the  diets  was ad jus ted  
to 2% by  varying the  a m o u n t  of  the  added  12:0  
and all diets  were isocaloric.  The  lipids added  to 
each  diet  are l isted in Table  II. 

The  fish were held  in 75 l i ter  f iberglass 
tanks.  The  water  t e m p e r a t u r e  was 11.5 C, and  
f low ra te  was ca. 8 l i t e r s /min .  The  f ish were fed 
th ree  t imes  daily. F o o d  was of fe red  on ly  as 
long  as the  fish c o n t i n u e d  to  feed. 

Feed  c o n s u m p t i o n  and  mor t a l i t y  were re- 
corded .  The  fish were weighed  every 2 weeks 
and  the  e x p e r i m e n t  was t e r m i n a t e d  at  the  end  
of  14 weeks. 

The  fa t ty  acid c o m p o s i t i o n  of  the  poo led  
samples  of  each lo t  was de t e rmined .  The  l ipid 
was e x t r a c t e d  f rom the  f ish by  the  m e t h o d  of  
Fo lch  et  al. (12)  and  f u r t h e r  separa ted  i n to  
p h o s p h o l i p i d  and  neu t r a l  l ipid f rac t ions  as 
descr ibed  previously  (1) .  Methyl  esters  were 
p repa red  f rom these l ipids by  t r anses te r i f l ca t ion  
wi th  bo ron- t r i f luo r ide  in a n h y d r o u s  m e t h a n o l  
(13) .  Separa t ion  and  i den t i f i c a t i on  of  the  com- 
p o n e n t  f a t ty  acids was carr ied ou t  as descr ibed  
by  Lee et  al. (1).  

RESULTS AND DISCUSSION 

The  g rowth  ra te  was e x t r e m e l y  slow for  the  
group of  fish receiving diet  1 (see Table  I) 
wh ich  was devoid of  663 fa t ty  acids. The  fish 
also exh ib i t ed  poo r  appe t i t e  and  a shock  
s y n d r o m e  as descr ibed  by  S i n n h u b e r  (14) .  
A d d i t i o n  of  603 f a t t y  acids, even at a low level 

(d ie t  2), t o  the  d ie t  vast ly improved  the  
c o n d i t i o n  o f  the  f ish and  increased  the  g r o w t h  
rate  (Fig. 1). None  of  the  f ish on supp l emen ta l  
diets e x h i b i t e d  the  shock  syndrome .  

The  a c c u m u l a t e d  m o r t a l i t y  was h igh in the  
group o f  f ish on  diet  1, w i t h o u t  603 acids.  
I n c o r p o r a t i o n  of  663 fa t ty  acids in the  diets  
effect ively  lowered  the  mor t a l i t y  (Table II) .  
The feed  ef f ic iency also increased wi th  in-  
creasing levels of  6o3 fa t ty  acids as shown  in 
Table II. These  resul t s  ind ica ted  t ha t  t r o u t  
r e s p o n d e d  equal ly  well  to  d ie tary  18:36o3 and  
22:66o3. 

The  g r o w t h  of  f ish on  diet  6, con t a in ing  
1.0% 18:36o3, was s imilar  to  tha t  r epo r t ed  by  
Castell  e t  al. (2,3) .  The i r  resul ts  showed  t h a t  
the g r o w t h  ra te  of  t r o u t  app roached  a max i -  
m u m  w h e n  1% 18:36o3 was added  in the  diet .  
The g r o w t h  ra te  was cons ide rab ly  lower  if on ly  
0.5% of  e i the r  22 :6  or  18:3 was i nco rpo ra t ed  in 
the  diet  (Tab le  III) .  

The  f a t t y  acid c o m p o s i t i o n  of  phospho l ip ids  
and  of  neu t r a l  l ipids is s h o w n  in Tables IV and  
V. The  l ip id  e x t r a c t e d  f r o m  the  whole  fish,  
af ter  receiving a fat-free diet  for  one m o n t h  was 
1.14% and showed  a h igh percen tage  of 22:6663 
(23.0%) in the  p h o s p h o l i p i d  f rac t ion.  The  
neu t ra l  l ip id  f r ac t ion  c o n t a i n e d  ca. 10.0% 
22:66o3. These  values r ep resen t  the  car ry-over  
f rom the  egg. Calcu la t ion  o f  the to ta l  a m o u n t  
of  2 2 : 6 w 3  rema in ing  in the  fish a f t e r  14 weeks 
on diet  1 s h o w e d  tha t  f ish had  conserved  ca. 
70% of  the  original  22:6603.  
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TABLE V 

Percentage Fatty Acid Composition of Neutral Lipids a 
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Diet 

Fat-free, 
Fatty acids 1 month 1 2 3 4 5 6 

12:0 --  4.9 9.4 9.1 5.2 7.5 5.5 
14:0 2.6 4.8 4.1 3.3 2.9 3.4 3.0 
16:0 15.8 14.7 14.6 15.9 16.5 16.0 17.5 
16:1w7 11.5 13.6 12.7 13.2 14.5 13.4 12.6 
18:0 4.6 4.9 4.6 6.3 4.2 5.0 4.2 
1 8 : 1 6 o 9  42.6 48.6 43.5 38.0 4 1 . 0  40.7 37.4 
18:2to6 b 3.6 2.1 1.8 2.9 2.3 1.8 1.6 
18:3~o3 . . . . . . . .  Trace 2.5 8.5 
2 0 : l t o l l  b 3.3 3.8 3.8 3.3 2.5 2.9 2.8 
18:4eo3 . . . . . . . . .  0.7 1.5 
20:2(.o9 1.2 1.8 1.8 2.0 2.1 1.5 1.4 
20:3099 1.8 1.5 1.2 1.2 1.0 0.8 1.2 
20:4co6 1.4 . . . . . . . . . . . . .  
20:5co3 1.9 ~ --  Trace 1.0 . . . . . .  
22:5c~3 Trace . . . . . . . . . . . . . .  
22:6eo3 10.0 -- 2.9 5.2 7.1 4.0 3.9 

aAverage of analysis of duplicate tanks. 
bOther isomers may be present. 

The  acid 20:3609 was b iosyn thes i zed  and  
found  at  h igh  c o n c e n t r a t i o n  in the  p h o s p h o -  
l ipids of  f ish wh ich  received on ly  lauric  acid 
(d ie t  1). The  c o n c e n t r a t i o n  of  20:3609 was 
lowered  w h e n  die tary  18:3603 or 22:6603 in- 
creased (Table  IV).  Linolenic  acid appea red  to 
be s o m e w h a t  more  e f f ic ien t  t h a n  22:6603 in 
r educ ing  the  level of  20:3609. This is in 
ag reemen t  w i th  the  e x p e r i m e n t  of  Brenne r  and  
Jose  (15)  wh ich  showed  t h a t  the  20:3609 in 
liver and  hea r t  t issues of  the  fa t  def ic ien t  ra ts  
was lowered  when  18:3603 or 22:6603 was 
inc luded  in the i r  diet .  They  suggested t h a t  
22:6603 i n h i b i t e d  the  i n c o r p o r a t i o n  of 20:3609 
i n t o  the  B pos i t ion  of  the  g lycero  p h o s p h o -  
lipids. As a resul t ,  f u r t h e r  f o r m a t i o n  of  the  
20:36o9 was inh ib i t ed .  18:3603 compe t i t i ve ly  
in t f ib i ted  the  e n z y m a t i c  de sa tu ra t i on  and  cha in  
e longa t ion  reac t ion  of  18 : 1609. 

The  f o r m a t i o n  of  18:4603, 20:4603, 20:5603,  
22:5603 and  22:6603 was observed  in the  
phospho l ip id s  o f  the f ish receiving d ie ta ry  
18:3603 (d ie t s  5 and  6). The  c o n c e n t r a t i o n  of  
22:6603 was especial ly high. These  resul ts  are 
qui te  s imilar  to  the  convers ion  o f  l inolenic  acid 
in to  d o c o s a h e x a e n o i c  acid in kelp  bass as 
r epo r t ed  b y  K a y a m a  et  al. (16) .  In the  groups  
of  f ish p laced  on  diets  c o n t a i n i n g  22:6603 (diets  
2-4),  t he re  was a very h igh  c o n c e n t r a t i o n  of  
22:6603 in the  phospho l ip ids ;  whi le  only  a low 
c o n c e n t r a t i o n  of  20:5603 was observed.  

We believe the  origin of  the  20:5603 is f rom 
the  small  a m o u n t  (2.5%) wh ich  is p resen t  in the  
22:6603 s u p p l e m e n t  and  is n o t  the  resul t  of  
r e t roconver s ion .  A posi t ive answer  will requi re  

f u r t h e r  e x p e r i m e n t a t i o n .  No f o r m a t i o n  of  
20:4603,  18:46o3 and  18:36o3 was de t ec t ed  in 
the  l ipids of  the  fish. Ra t  e x p e r i m e n t s  con-  
duc t ed  by  Ve rd ino  and  coworke r s  (17)  and  
Sch lenk  et al. (18)  s h o w e d  t h a t  a large q u a n t i t y  
of  20:4606 (essent ia l  to  ra ts)  was f o r m e d  by 
r e t roconve r s ion  by  fa t  de f i c i en t  an imals  w h e n  
p laced  on  die ts  c o n t a i n i n g  22:5606.  Only a 
t race of  18:2606 was fo rmed .  F u r t h e r m o r e  the  
convers ion  of  a r ach idon ic  acid to  18:2606 in 
rats  was ins igni f ican t .  I t  seems t h a t  22:6603 in 
t r o u t  has  a behav io r  s imilar  to  20:4606 in rats.  

F i sh  oils are general ly  low in 1 8 : 3 w 3  b u t  
rich in o t h e r  603 f a t t y  acids: name ly ,  18:4603, 
20:5603, 22:5603 and  22:6603. The  to ta l  w 3  
fa t ty  acid c o n t e n t  in  fish oil is ca. 20-30%. This  
e x p e r i m e n t  r ea f f i rmed  the  abi l i ty  of  f ish to  
syn thes ize  22:6603 f r o m  lower  603 fa t ty  acid 
and  the  capab i l i ty  of  b o t h  18:36o3 and  22:6603 
to alleviate essent ia l  f a t ty  acid def ic iency 
s y m p t o m s ,  increase  feed ef f ic iency  and  pro- 
m o t e  rapid  g rowth .  

This  e x p e r i m e n t  s t ressed the  i m p o r t a n c e  of  
6o3 f a t t y  acids in  t r o u t  n u t r i t i o n  b u t  d id  no t  
rule ou t  a poss ible  r e q u i r e m e n t  for  w 6  fa t ty  
acids. A long  t e r m  feeding  e x p e r i m e n t  is in  
progress  to  d e t e r m i n e  w h e t h e r  t r o u t  can survive 
and  r e p r o d u c e  w i t h o u t  d ie ta ry  6o6 fa t ty  acids. 
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