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ABSTRACT 

Molvlk, G., Hjelmeiand, K., Rlngffi, E. and Raa, J., 1984. 
Properties of a new artlflcial diet for flsh larvae, rn- 
cludlng cod Gndw m a t i h a  L. In: E. Dahl, D.S. ~anlelssen, E. 
Moksness and P. Solemdal (Edrtors),  he Propagatron of cod 
Cadus mcrhua L. Fl~devigen rapportser., i, 1984: 203-211. 

A dry feed produced from cod roe has been shown to support 
growth of cod larvae, although not beyond metamorphosis. Cod 
larvae respond to the feed by producrng trypsln. Srnce cod 
roe rs very rlch rn polyunsaturated fatty acrds, whrch are 
essentral for flsh larvae, lt 1s extremely sensxtlve to 0x1- 
datlon whlch leads to formation of toxic levels of hydro- 
peroxldes. 

INTRODUCTION 

During the last few years we have been developing a new 

starter diet for salmonids using industrial cod roe as the 

major raw material. Salmon fry grow up to three times faster 

on the new diet than on a commercial starter feed (Raa, 1982; 

Raa and Molvik, 1983). More important, however, is the fact 

that the salmon fry started to grow on our diet a few weeks 

earlier than on commercial ones, indicating that it embodies 

some principle which induces the on-set of digestive functions 

and growth of the larvae. 



1r has been s~ggested chat rhe rnablllky of dead feed to 

support growth of cod larvae rnlght be due to lack of certaln 

slgnal substances (Pluchter, 1982; Huse er al., 1982). Ac- 

cordlngly, we declded to examlne whether the growth lnduclng 

prrnclple In  he salmonld feed was act~ve also wrth cod larvae. 

MATERIALS AND METHODS 

Proteln of cod roe was determlned by standard Kjeldahl 

procedure, multrplylng N-content by 6.25. 

The proteln content of flsh larvae was calculated on a 

basls of amounts of free amlno aclds In a hydrolysate (6 N 

HC1, 11o0c, 24 h) of the wet larvae, uslng an automatic amlno 

acld analyser (JEOL, JLC-6AH). 

Carbohydrate was determlned by the anthrone reactlon (Splro, 

1966) ln drled samples hydrolysed In 98 - 100% formlc acld for 
24 h at 1 1 0 ~ ~ .  

Fatty acrd composrtlon was determlned by gas chromatography 

after saponlflcatlon and methyla~lon of extracted llpld, ac- 

cordrng to the following procedure: 

- 20 g roe, 20 m1 chloroform and 40 m1 methanol were mlxed In 

a Warrlng Blender for 60 sec, followed by 20 m1 chloroform 

and 20 m1 water, each blended for 30 sec after addltron. The 

chloroform phase was collected on a Buchnerfunnel and the 

solvent removed by evaporation rn a rotavapor. 

- 50 p1 of the extracted llpld was saponlfled rn 2 m1 of 5% 

NaOH rn methanol/water (1:l v/v) by borllng for 45 mln. 

- The saponlfled lrpld was neutralrzed by addlng 0.5 m1 of 

10 M HCl, and then merhylated by bolllng In 10% BC13 rn 

methanol for 30 mln. The methylated fatty aclds were col- 

lected by phase separation Into hexane, and the solvent 

was subsequently evaporated under a stream of N 
2' 

- The fatty acld composltlon was flnally determlned by chro- 

matography on a 6 Ft - 2 mm glass column packed w ~ t h  GP 10% 

SP 2330 on 100 - 120 mesh Chromosorb W-AirJ (Supelco Inc.). 



tbrneai Cewperarure pr?grarri.nrnG f rom 6 0  +c 200"~ 61th 2 inln  

and 1 6  m l ?  n o l d  a t  2 0 0 ~ ~  \vac u e e d .  Both t o e  d e t e c t o r  and 

I n j e c t o r  t e m p e r a t u r e  w a s  2 5 0 ~ ~ .  

The t r y p s r l ( - o g e n )  c o n t e n r  1n t h e  f l s h  l a r v a e  was e s t r m a c e d  

by  r ad lo rmmunoassay  i f i j e lme land  e t  a l . ,  1 9 8 4 ;  Hje lme land  e t  

a l . ,  r n  p r e p .  ) . 
The a r t l f r c l a l  d l e t  was p r e p a r e d  f rom lmmarure  cod r o e  by 

b o l l l n g  t h e  f r e s h  r o e  I n  w a t e r  f o r  30 mln b e f o r e  mlxrng t h e  

d e n a t u r e d  r o e  particles w i t h  0 . 5  q v l t a m l n s l '  and a  m r x t u r e  

o f  a n t r o x l d a n t s  r n  a  v e g e t a b l e  0x1.  The mors t  p a r r l c l e s  were  

f r e e z e  d r l e d  and ~ a c k e d  u n d e r  N 2  ~ n  s e a l e d  a lumlnlum b a g s .  

The f e e d l n g  t r l a l s  were  pe r fo rmed  r n  s m a l l  experimental 

p l e x r g l a s s  cylinders ( 3  l )  s u p p l l e d  continuously w l t h  f l l t e r e d  

( 0 . 4 5  pm) s e a w a t e r  a t  4 - 8 ' ~ .  On d a y  5  a f t e r  hatching, 200 

- 300 cod  l a r v a e  were  t r a n s f e r r e d  t o  t h e s e  t a n k s  and f e d  by 

hand e v e r y  h o u r  from 8 . 0 0  h  u n t l l  23 .00  h .  La rvae  ( 1 0 )  were  

sampled a t  r e g u l a r  I n t e r v a l s ,  welghed and s u b j e c t e d  t o  amlno 

a c l d  a n a l y s r s .  

R E S U L T S  A N D  D I S C U S S I O N  

Berng r l c h  I n  p r o t e l n  ( T a b l e  1) and Long c h a l n  p o l y u n s a t u -  

r a t e d  f a t t y  a c l d s  ( T a b l e  2), cod r o e  s h o u l d  c o n s t l t u r e  a  good 

b a s l s  f o r  a  f o r m u l a t e d  d l e t  f o r  fish l a r v a e  (Cowey e t  a l . ,  

1 9 7 6 ;  T a k e u c h l  and Watanabe,  1976 ;  i e g e r  e t  a l . ,  1 9 7 9 ;  Xanazawa 

e t  a l . ,  1 9 8 2 ;  M l l l l k l n ,  1982 ;  Watanabe,  1 9 8 2 ) .  

L J 
Vi tamin  p remix  c o n t a i n e d  i n  mg/0.5 g :  7 . 8  t h i a m i n e ,  22.5  r i b o -  
f l a v i n ,  1 7 . 0  p a n t o t h e n i c  a c i d ,  1 7 . 0  n i c o t i n i c  a c i d ,  7 . 8  p y r i -  
d o x i n e ,  1.1 b l o t i n ,  1 . 7  f o l i c  a c i d ,  0 . 0 1  coba la rn in ,  225.0  
a s c o r b i c  a c i d ,  115 .0  c h o l i n ,  35 .0  i n o s i t o l ,  5 . 5  menadione 
sodium b i s u l p h i t e ,  5 0 . 0  pa ra -aminobenzo ic  a c i d  and 45.0  B- 

t o c o p h e r o l .  



TABLE l 

Chemrcal composrrlon of cod roe. 

Dry weight ( % )  

Protein 

Lip id 

Carbohydrate 

TABLE 2 

The major fatty acids in cod roe 

Abbreviation Name % 

It has, moreover, a thln chorlon layer (Davenport et al., 

1981) whlch upon proper processlnq of the feed will represent 

no slgnlflcant mechanrcal oarrler for dlgestlve enzymes. But, 

due to the hlgh content of the long chaln polyunsat~rated 

fatty aclds (C-20:5,n-3 and C - 2 2 : 6 , v - 3 1 ,  the roe 1s very vul- 

nerable to oxldatlon. Unless proper precaurrons are taken to 

protect these fatty aclds, toxlc levels of hydroperoxldes are 

formed. Experlrnents wlth salzon and char fry have demonscrated 

that the nutrltlonal quallty of some dlets oased on cod roe 

deterloraxed quickly as a resulr of hydroperoxrde forrnatlor 

(Fig. L ) .  Rerarded gro~th has Deer observed at a ~eroxlde 
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Fig. l. Growth of salmon fry fed on commercial starter feed 
and on dry cod roe diet not properly protected from lipid 
oxidation. 

value of 6 mm01 per kg llpld rn rhe cod roe dret (Gregersen, 

19821. If, however, the peroxrde formarron was completely ar- 

rested, a feed scored for a long trme (rno~ths) supported 

growth equally as well as the newly prepared one. 

Hydroperoxrdes are very roxrc nolecules whrch are able to 

klll frsh and other anrmals rf present rn the dlet rn con- 

sentratrors above a certaln level (Chow, 1979). At sub-lethal 

concentrations the anrmal 1s able to detoxrfy the hydropero- 

xrdes continuously. Thrs metabolrc detoxrfrcatron rs, however, 

energy-consumrng for the larvae. Thrs rs even more crrtlcal 

for the small cod larvae than for much larger fry of the 

salmonrds, whlch have greater resources to draw upon. More- 

over at low temperatures, energy productron may be lnsuf- 

frcrent to detoxrfy hydroperoxldes. A R ~  starter feed, and In 

particular one for cod larvae, shoald therefore oe completely 

free from hydroperoxrdes. 

Feedrng trlals In 1982 have shown that cod larvae rrigesred 

oar riew starter dret ald grew srgnrfrcantly well on I*, but 

the feed could not support growth of the larvae beyond meta- 



Fig. 2. Growth of cod larvae fed on dry cod roe diet (l) and 
standard diet ( 2 1  and starving larvae ( 3 ) .  After Huse et al. 
(1982). 

morphosis (Huse et al., 1982). Our dret was also clearly 

better than a "standard dret" composed of hen's egg, peptone, 

cod liver orl and frsh protein autolysate enrlcned wrth 

vrtamlns and minerals. These prellmlnary feeding trrals thus 

supported the suggestlon thac the cod roe dlet mlght well 

contaln some growth ~nduclng prrnclple. 

The repeated feedlng trrals durlng the l983 season confxrmed 

the flrst trlal In 1982 (Flg. 2). The cod larvae grew on the 

dlet, as demonstrated by dlrect welght galn recordings ana 

measurements of protern content (Flg. 3 ) .  It has also been 

demonstrated that the cod larvae started producing trypslr when 

lngestrng the new dlet (Frg. 4 ) ,  thus further supportlnq the 

suggestlon that the dlet lndeed contalns an Inducer of dlgest- 

lve functlon and growth In newly hatched larvae. ive have stlll 

not succeeded, however, rn gettlng the larvae beyond rnetamor- 

phosls. 

Cod larvae are contlnuousfeeders and must, therefore, have 

constant access rc feed particles. Otherwrse there 1s a rlsK 

of subjecting the larvae to starvatlop. Thls makes very dlffr- 

cult demands on any artlfrclal diet; the partrcles should 

rernalr loosely suspended In cne water colornn, intact, and not 

drsrn~egrate too qulckiy. D?tll now we nave not been able to 
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Fig. 3. Relative protein content of feeding and starving cod 
larvae. 
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Flg. 4. Trypsln(-ogen) content of feedlng and starvlng cod 
larvae. 



construct a dry' or moist pellet which will remain in the water 

column like a planktonic organism. 

In conclusion, we have not yet come to a final oreak- 

through In our artempts to debelop an artrficlal srarter dlet 

for cod. We do belleve, nowever, thar the dry roe feed consti- 

tutes a oseful basic experimental formula from whrch more 

optrmal diets can be developed. There : S  certarnly scope for 

improvement ln the chernlcal composition relarlng to osmo- 

regulatory functions and feeding behaviour of che larvae, and 

by constructing a food particle of the rlgnt buoyancy and 

denslty whlch will not alter the speclfic gravlty of the 

larvae. 
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