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SUHHARY 

It IÁXU fiound tkat ̂ i&h LLVQM, iiom the, Amazon have. conò-ídeAable. amountò ojj vita -

iBtttó A, V and E compaAtd with tkz vatazò o£ the. itandandiztd cod-tiv2.n. oit. TambaqatU. 

\iVi oil hcu> high aonc.intA.ati.on oi vitamin A j {nutÁnol) and vitamin [dzhidAofwtinol) 

émutaí, thz IÁV2A oiZi> oi piAa/iucu and cutu-cuiu havo. pAiizKintZq the vitamin A ^ . The 

contento o{) the. vitamino V and E obòeAved in the liveA oilt> oi tambaqui and cuiu-cuiu 

IMÍ extuemeJLy high. 

INTRODÜCTION 

More t h a n 2000 d i f f e r e n t s p e c i e s o f f i s h e s 1 i v e in t h e w a t e r s o f t he Amazon r e g i o n . 

The a c t u a l y i e l d o f t he commerc i a l f i s h e r y f r o m t he m í d d l e and upper Amazon i s abou t 

100,000t ( S a i n t - P a u l , 198l) . Gene ra l l y t he 1 i v e r s o f t h e s e f i s h e s a r e th rown away. But i t 

is well known t h a t f i s h 1 i v e r s may have a c o n s i d e r a b l e amount o f f a t s o l u b l e v i t a m i n s . 

Cod - 1 i ve r o i l , f o r i n s t a n c e , i s r i c h i n v i t a m i n s A , D and E. T h i s o i l i s u sed wor 1dwide 

p r o p h y 1 a c t i c a l l y a g a i n s t r i c k e t s and o t h e r d e f i c i e n c y d e s e a s e s . T h e r e f o r e i t wou ld be 

of g rea t i n t e r e s t t o t he p h a r m a c e u t i c a l i n d u s t r y o f B r a z i l , i f f i s h - l i v e r o i l f rom t he 

Amazon c o u l d s u b s t i t u t e c o d - 1 i v e r o i l . 

In the r e l e v a n t l i t e r a t u r e we c o u l d n o t f i n d a n y p u b l i c a t í o n a b o u t the v i t a m i n 

contents o f Amazon i an f i s h . T h e r e f o r e , a few y e a r s a go we i n i t i a t e d a s u r v e y o f the 

content o f v i t a m i n s A , D and E in t he 1 i v e r s o f the p r i n c i p a l f i s h s p e c i e s commercial ized 

in the Manaus M a r k e t s . C o l o r i m e t r i c e s t i m a t i o n and U. V . a b s o r p t i o n were u sed a s a 

pre l im inary a n a l y s i s o f t h e s e v i t a m i n s ( M o u r l o e t a l i i , 1 9 7 6 ) . The reon we chosed two o f 

the most i m p o r t a n t and l a r g e s t e d i b l e s c a l e d f i s h , tambaqui (Co lossoma raacropomum) and 

pirarucu (Arapaima g i g a s ) b e s i d e s c u i u - c u i u ( O x i d o r a s n i g e r ) an a rmou red c a t f i s h , f o r an 

accurate v i t a m i n d e t e r m i n a i i o n . The p i r a r u c u o f t he B r a z i l i a n Amazon , was p r o b a b l y t he 
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most i m p o r t a n t commerc i a l f i s h s p e c i e s o f i n l a n d Amazôn ia u n t i l a b o u t 1 9 7 0 , when i t was 

r e p l a c e d by the tambaqui ( G o u l d i n g & C a r v a l h o , 1 9 8 2 ) . C a t ch da ta o f r e a s o n a b l e accurate 

were c o l l e c t e d f o r t he f i r s t t ime in 1 9 7 6 , a nd in t h a t y e a r t he tambaqu i a ccoun ted for 

about 44 p e r c e n t o f t o t a l c a t c h o f 3 0 ,800 t o n s l a n d e d a t t he p r i n c i p a l M a r k e t o f Manaus 

( P e t r e r e , 1 978 ; S m i t h , 1 9 7 9 ) . 

The re e x i s t w e l l - e s t a b l i s h e d methods f o r the d e t e r m i n a t i o n o f f a t - s o l u b l e vitamins 

by s e p a r a t e o p e r a t i o n s , but g e n e r a l l y t h e y a r e t i m e - c o n s u m i n g and i n many c a s e s are 

d i f i c c u l t t o p e r f o r m . The new method o f h i g h - p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y (HPLC) 

h a s made t he a n a l y s i s o f f a t s o l u b l e v i t a m i n s f a s t e r , e a s i e r , more r e l i a b l e and there 

a r e some r e c e n t p u b l i c a t i o n s abou t t he d e t e r m i n a t i o n o f v i t a m i n A ( R a n f f t & Riickermann, 

I 9 7 8 ; F r o l i k e t a l i i , 1 9 7 8 ) , o f v i t a m i n D ( V a n h a e l e n - F a s t r i & V a n h a e l e n , 1 9 7 8 ; Cohen & 

L a p o i n t e , 1979) and o f v i t a m i n Ε ( G e r t z & He r rmann , 1 9 8 2 ; C a r p e n t e r , 1979) u s i n g the 

HPLC method . W i t h the a i d o f r e v e r s e d p h a s e (RP -HPLC ) i t i s p o s s i b l e t o s e p a r a t e and 

q u a n t i f y each o f t he f a t s o l u b l e v i t a m i n s , s i m u l t a n e o u s l y . V i t a m i n A , D , E and β-carotone 

have been d e t e r m i n e d in v e g e t a b l e o i l s , d i e t e t i c f o o d s , i n f a n t f o r m u l a s and mi 1 k powders 

by Mankel ( 1 9 7 9 ) , u s i n g the RP-HPLC m e t h o d . T h e r e f o r e t he c h o i c e o f t he RP-HPLC method 

f o r o u r v i t a m i n s t u d i e s i n f i s h l i v e r s was h i g h l y recommended. 

EXPERIMENTAL 

The HPLC i n s t r u m e n t was a 85OO s e r i e s ( V a r i a n ) , e q u i p p e d w i t h a l o o p i n j e c to r (Va l 

c o ) , a v a r i a b l e w a v e l e n g h t UV d e t e c t o r V a r i o c h r o m ( V a r i a n ) and a d u a l - p e n r e c o r d e r cou­

p l ed w i t h a m i c r o p r o c e s s o r CDS—111 ( V a r i a n ) . The c h r o m a t o g r a p h i c co lumn was a s t a i n l e s s 

s t e e l tube (25cm χ 4mm I . D . ) packed w i t h 0 D S / C 1 8 , 7\im ( L a t e k , H e i d e l b e r g ) p r o t e c t e d by 

a p reco l umn (5cm χ 4mm I , D . ) p a cked w i t h the same m a t e r i a l . The m o b i l e pha se cons i s ted 

o f m e t h a n o l - w a t e r ( 8 5 : 1 5 ) . T h r e e m i n u t e s a f t e r s amp le i n j e c t i o n a l i n e a r gradient 

p rog ram was i n i t i a t e d a t 1%/min t o 100¾ m e t h a n o l . The f l o w - r a t e was 100ml/h. The UV-de 

t e c t o r was s e t a t 280nm. 

Sample p r e p a r a t i o n : l g l i v e r o i l o r lOg w e l l g r o u n d f i s h l i v e r ( b o t h i c e main­

t a i n e d was a c c u r a t e l y w e i g h e d i n t o a 250ml amber r oundbo t tom f l a s k . 30ml e t h a n o l , 1ml of 

a 10¾ a s c o r b i c a c i d s o l u t i o n and 2ml o f a 50¾ KOH s o l u t i o n were added and t he mixture 

was r e f l u x e d under n i t r o g e n d u r i n g 3 0 m i n . The m i x t u r e s t i l l h o t , was m ixed w i t h 10 ml 

wa te r and t r a n s f e r r e d t o an amber s e p a r a t i n g f u n n e l . A f t e r r e w a s h i n g w i t h 20ml o f cold 

w a t e r and c o o l i n g t o room t e m p e r a t u r e t h e m i x t u r e was e x t r a x t e d t h r e e t i m e s w i t h 25 ml 

l i g h t p e t r o l e u m b . p . 4 0 - 6 0 ° C . Wh ich c o n t a i n e d 0 ,02¾ BHT. The combined l i g h t petroleum 

p h a s e s were washed w i t h wa te r u n t i l n e u t r a l , d r i e d in the p r e s e n c e o f a n h y d r o u s sodium 

f i l t e r e d and e v a p o r a t e d w i t h n i t r o g e n t o d r y n e s s . A s t a n d a r d s o l u t i o n w i t h e x a c t l y 5ml 

o f methano l was made b e f o r e i n j e c t i o n o f 20u o n t o t he HPLC c o l u m n . B e c a u s e o f t he l i ght 

s e n s i t i v i t y o f t he f a t s o l u b l e v i t a m i n s , t he e x t r a c t i o n p r o c e d u r e s were c a r r i e d out in 

a l a b o r a t o r y w i t h dimmed l i g h t . The s amp l e s and s t a n d a r d s were kept i n ambar g la s sware , 
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for no more t h a n a week , i n a r e f r i g e r a t e e n v i r o n m e n t , in o r d e r to a v o i d p o s s i b l e v i t a ­

min d e g r a d a t i o n , s o l v e n t e v a p o r a t i o n o r o t h e r a d v e r s e e f f e c t s . 

V i t a m i n ( 3 - d e h y d r o r e t i n o l ) was i d e n t i f i e d by i t s mass s p e c t r u m a f t e r co l 1 e c t i n g 

the r e l e v a n t HPLC e l u e n t - f r a c t i o n o f t h e f i s h l i v e r s a m p l e s . The amount o f v i t a m i n s 

were c a l c u l a t e d by c o m p a r i n g t he h e i g h t s o f t he s t a n d a r d peak s w i t h t he c o r r e s p o n d i n g 

sample peaks in t h e HPLC ch romatog ram and by i n t e g r a t i o n d a t a f r om the m i c r o p r o c e s s o r 

used. 

The v i t a m i n s t a n d a r d s u s e d were r e t i n y l a c e t a t e , v i t a m i n and α - t o c o p h e r o l ( M e r ­

ck, b i o c h e m i c a l g r a d e ) . R e t i n o l was p r e p a r e d by s a p o n i f i c a t i o n o f r e t i n y l a c e t a t e . The 

reagents u s e d were 2 , 6 - d i - t e r t - b u t y l - i » - m e t h y l p h e n o l (BHT) ( A l d r i c h ) and p o t a s s i u m h y ­

droxide ( M e r c k , p . a . ) . A l l t he s o l v e n t s u s e d were a n a l y t i c a l g r a d e ( M e r c k , D a r m s t a d t ) . 

RESULTS AND DISCUSSION 

The HPLC c o n d i t i o n s u s e d p e r m i t the d e s i r e d s e p a r a t i o n o f the v i t a m i n s A^ ( r e t i n o l ) 

( d e h y d r o r e t i n o l I , D and α - t o c o p h e r o l . The s e p a r a t i o n o f the v i t a m i n s A j and A^ i s 

important b e c a u s e v i t a m i n A^ has o n l y k0% o f the b i o l o g i c a l a c t i v i t y i n c o m p a r i s o n w i t h 

vitamin A^ . F r e s h w a t e r f i s h - l i v e r i s t he o n l y n a t u r a l s o u r c e o f v i t a m i n ( N e u m ü l l e r , 

1977 ) . The v i t a m i n s ( e r g o c a l c i f e r o l ) and ( c h o l e c a l c i f e r o l ) were not d i s t i n g u i s h e d 

under t h e s e c o n d i t i o n s , but in n a t u r e t h e s o u r c e o f v i t a m i n D i s a l m o s t e x c l u s i v e l y 

c h o l e c a l c i f e r o l . The UV a b s o r p t i o n maxima o f v i t a m i n s and a r e v e r y s i m i l a r and 

the b i o l o g i c a l a c t i v i t y i s t h e same. T h e r e f o r e , i t i s no t n e c e s s a r y to s e p a r a t e the two 

forma o f v i t a m i n D. α - t o c o p h e r o l i s b i o l o g i c a l l y t he most a c t i v e n a t u r a l l y o c c u r i n g 

isomer o f v i t a m i n Ε and i t was t he o n l y i s ome r q u a n t i f i e d i n o u r s t u d i e s . 

F i g u r e s 1 and 2 show HPLC ch r omatog r ams o f t y p i c a l sample a n a l y s i s o f f i s h l i v e r s . 

Between t he e l u t i o n o f v i t a m i n s !\^ and D the r e c o r d e r - s e n s i t i v i t y was i n c r e a s e d f o u r f o l d 

in o rde r t o o b t a i n r e l i a b l e peak h e i g h t s f o r v i t a m i n s D and E. 

The r e l a t i o n s h i p s o f peak h e i g h t and t he amount s o f t he s t a n d a r d v i t a m i n s were 

l inear in t h e c o n c e n t r a t i o n r a n g e r s u s e d . R e c o v e r i e s were e s t i m a t e d by s p i k i n g l i v e r 

samples w i t h a d e q u a t e amount s o f r e t i n o l and α - t o c o p h e r o l b e f o r e h o m o g e n i z a t i o n , and 

taking t h e s e s a m p l e s t h r o u g h the e n t i r e p r o c e d u r e . The mean r e c o v e r i e s were 102¾ f o r r e t i ­

nol and 77¾ f o r a - t o c o p h e r o l . 

T a b l e 1 shows t h e q u a n t i t i e s o f v i t a m i n s f ound in t he a n a l y z e d f i s h s a m p l e s . I t 

demonstrates t h a t f i s h l i v e r s f r om t h e Amazon r e a l l y have c o n s i d e r a b l e amounts o f 

v itamins compared w i t h t he v a l u e s o f t he s t a n d a r d i z e d c o d - l i v e r o i l . The c o n c e n t r a t i o n 

ratios o f v i t a m i n A^ and A^ v a r i e d c o n s i d e r a b l y f rom s p e c i e s t o s p e c i e s and e ven between 

the spc imen a n a l y z e d . T h i s i s i n a c c o r d a n c e w i t h Goswani & Ba rua ( 1981 ) who f ound t h a t 

the r a t i o v i t a m i n A^/A^ depends upon many f a c t o r s l i k e t h e s p e c i e s , the c o l o u r , t h e s t a t e 

of n u t r i t i o n , t he m i g r a t i o n b e h a v i o u r , e t c . 

The i n d u s t r i a l e x p l o r a t i o n o f t a m b a q u i - 1 i v e r o i l t o o b t a i n v i t a m i n c o n c e n t r a t e s 



c o u l d be o f some i n t e r e s t , becau se t h i s s p e c i e s r e a c h e s a t l e a s t one meter in total 

l e n g h t and' :;30kg i n w e i g h t . E x t r a c t i o n o f a tambaqu i l i v e r (hkg i n med ia ) w i t h chloro -

fo rm y i e l d e d an o i l c o n t e n t o f 1,1%. A s c a n be s een i n T a b l e 1 , the v i t a m i n contentsof 

t h i s o i l were e x t r e m e l y h i g h . The c o n c e n t r a i i o n o f t he v i t a m i n s A and E in the cuiu-

c u i u l i v e r was v e r y h i g h t o o . T h i s s p e c i e s r e a c h e s 1 .20m i n t o t a l l e n g h t and 30kg in 

we i g h t . 
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RESUMO 

foi deicoberto que oi fiZgadoi de peixa da região Amazônica poiiuem quantidade 
apreciáveii dat> vitaminai. A, V e £, em paralelo com oi voto na, padronizadoi pana. o Óleo 
de (ÇLgado de Bacalhau. 0 Óleo do f)Zgado de tambaqui apn.eie.ntou elevada concentração de 

vitamina A j [retinol] e vitamina A^ (dehidroretinol), enquanto que noi oleoi de iZgadot> 
do pirarucu e cuiu-cuiu ocorre, preinerentemente, a vitamina A^. 0 teor em vitaminai, D 

e E obiervado noò oleoi de Ç-gadoi de tambaqui e cuiu-cuiu ^oi extremamente alto. 
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Fig. 2 - HPLC chromatogram of fat-soluble vitamins in 
cuiu-cuiu liver (conditions see Experimental) 
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