
C H A P TE R  I I

L IT E R A T U R E  R E V IE W

P. monodon

The gaint tiger prawn, p .  m o n o d o n  Fabricius, is one o f the largest 

penaeid prawns in the world, reaching some 270 mm in  body length, and is o f 

commercial importance in markets.

Recently in  Southeast Asian Countries, enthusiasm fo r natural and 

a rtific ia l propagation o f both fry  and adult giant tiger prawn have been growing 

rap id ly among government and private aquaculturists due to strong demand w ith 

higher prices in national and international markets (Motoh, 1984).

Motoh (1984) reviews that the gaint tiger prawn is w idely distributed 

throughout the greater part o f the Indo-W est Pacific region, South A frica, 

Tanzania, Kenya, Somalia, Madagascar, Saudi Arabia, Oman, Pakistan, India, 

Bangladesh, Sri Lanka, Hongkong, Taiwan, Korea, Japan, Australia and Papua 

New Guinea. In general, p .  m o n o d o n  is distributed from  longitude 30 E to 155 E 

and from  latitude 35 N to 35 ร. However, the main fishing grounds are mostly 

located in  tropical countries, particularly in Indonesia, Malaysia and the 

Philippines. The fry, juveniles and adolescents inhabit inshore waters such as
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shore areas and mangrove estuaries, w hile most o f the adults inhabit offshore 

waters to the depth o f 160 m.

L ip id s

Lip ids are substances o f biological origin that are soluble in  organic 

solvents such as chloroform  and methanol but are only sparingly soluble, i f  at 

all, in water. Hence, they are easily separated from  other biological materials by 

extraction into organic solvents and may be further fractionated by such 

techniques as adsorption chromatography, thin layer chromatography, and 

reverse-phase chromatography. Fat, oils, certain vitam ins and hormones, and 

most nonprotein membrane components are lipids (Voet and Voet, 1995).

Lip ids have four major biological functions; 1) in  a ll cells, the major 

biological structural elements o f membranes are composed o f lip ids; 2) certain 

lipids, the triacylglycerols, serve as effic ient reserves fo r storage o f energy; 3) 

many vitam ins and hormones found in animals are lip ids or derivatives o f lip ids; 

and 4) the bile acids help to solubilize the other lip id  classes during digestion 

(Zubay, 1993).

F a tty  Acids

The com m on b io log ica l fa tty  acids is shown in  Table 1. Com pounds

w ith  the structural fo rm u la  C H 3(C H 2)nC O O H  that contain no carbon-carbon

double bonds are know n as saturated fatty acids. The tw o  m ost abundant
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Table 1. The common biological fatty acids (Voet and Voet, 1995).

Symbol Common 
Name

Systematic
Name

Structure mp ( C)

Saturated Fatty Acids 
12:0 Laurie acid Dodecanoic acid CH3(CH2)10COOH 44.2
14:0 Myristic acid Tetradecanoic acid CH3(CH2)l2COOH 52
16:0 Palmitic acid Hexadecanoic acid CH3(CH2)14COOH 63.1
18:0 Stearic acid Octadecanoic acid CH3(CH2) 1 gCOOH 69.6
20:0 Arachidic acid Eicosanoic acid CH3(CH2)18COOH 75.4
22:0 Behenic acid Docosanoic acid CH3(CH2)20COOH 81
24:0 Lignoceric acid Tetracosanoic acid CH3(CH2)22COOH 84.2

Unsaturated fatty acids (all double bonds are cis) 
16:1 Palmitoleic acid 9-Hexadecenoic acid CHjCCHj)5CH=CH(CH2)7COOH -0.5
18:1 Oleic acid 9-Octadecenoic acid CH3(CH2)7CH=CH(CH2)7COOH 13.4
18:2 Linoleic acid 9,12-Octadecadienoic CHjtCH j)4 (CH=CHCH2)2(CH2)6COOH -9

18:3 (X-Linolenic acid
acid

l 9,12,15-Octadecatrienoic CHjCH2(CH=CHCH;2)3(CH2)6COOH -17

18:3 y-Linolenic acid
acid
6,9,12-Octadecatrienoic CH3(CH2)4(CH=CHCH2)3 (CH2)3COOH

20:4 Arachidonic acid
acid
5,8,11,14-Eicosatetraenoic CH3(CH2) 4 (CH=CHCH2)4 (CH2)2COOH -49.5

20:5 EPA
acid
5,8,11,14,17-Eicosapenta- CH3 CH2 (CH=CHCH2)5(CH j)2COOH -54

24:1 Nervonic acid
enoic acid 
15-Tetracosenoic acid CH3(CH2)7CH=CH(CH2)13COOH 39

N um ber o f carbon atom s: N um ber o f  doub le bonds.
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saturated fatty acids are palm itic and stearic acids. A ll saturated fatty acids 

belong to high melting point (mp).

Fatty acids w ith one or more double bonds in the aliphatic chain are 

called u n s a t u r a t e d  f a t t y  a c id s .  Monounsaturated fatty acids have one double 

bond, w hile polyunsaturated fatty acids (PUFAs) contain more than one double 

bond. The double bonds in naturally occurring fatty acids are c i s .  The double 

bonds in PUFAs are always separated by one methylene group (Zubay, 1993).

Physical p ro p e rty  o f fa tty  acids

Large numbers o f individual fatty acid have been isolated from  many 

animal tissues and identified by gas-liquid chromatography o f their m ethyl ester 

derivatives. The commonset ones found in fish tissues are two fatty acids o f the 

lino le ic acid fam ily; lino leic and arachidonic acids, and three o f the linolenic 

acid fam ily; eicosapentaenoic acid, docosapentaenoic acid and docosahexaenoic 

acid. Other PUFAs found as m inor components include 16:4n-3 and 18:4n-3 

both present in phytoplankton and transferred through the food web to shrimp, 

and a variety o f 18C and 20C fatty acids o f both the ท-3 and ท-6 fam ilies (Bell, 

Henderson and Sargent, 1986).

X -ray crystallographic data have shown that, below the phase transition 

temperature, only phospholipids containing fu lly  saturated acyl chains adopt a 

configuration in  which the acyl chain carbons are fu lly  extended. Introduction o f 

c i s  double bond interrupts the fu lly  extended (anti) conformation in  at least one
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position o f the chain, preventing the close packing which was possible w ith the 

a ll a n t i configuration. Thus the presence o f even a single double bond 

profoundly influences the physical properties. For example, the m elting points 

o f stearic acid (18:0) and oleic acid (18 :ln -9 ) are 70.1 c  and 16.3 c , 

respectively. The melting points o f 18:1, octadecamonoenoic acid, isomers are 

highly dependent on the position o f the double bond. A  double bond in the 

centre o f the chain reduces the melting point some 40 c  below that o f the 

isomers w ith the double bond at either end o f the chain. The situation w ith 18:2, 

octadecadienoic acid, is sim ilar, w ith the A 8,11 isomer m elting 52.5 c  lower 

than the A  14,17 isomer. The nearer the double bonds are to the 7 centre o f the 

chain the lower the melting point (Bell et al., 1986).

In some cases the melting points depend more on the position o f the 

double bonds than on the number o f double bonds. Thus, the m elting point 18:3 

A  9, 12, 15 (-10 C) is sim ilar to that o f 18:2A 9, 12 but is about 28 c  lower 

than that o f 18:2A 12, 15. The m elting points o f arachidonic acid 20:4n-6 

(-49.5 C), eicosapentaenoic acid 20:5n-3 (-54.4 C) and docosahexaenoic acid 

22:6n-3 (-44.5 C) are quite sim ilar, although it is noteworthy that 22:6n-3 melts 

some 10 c  higher than 20:5n-3. A ll PUFAs are therefore flu id  at temperatures 

w ell below those ever encountered by biological systems and in particular there 

is no real physio-chemical basis fo r believing that membrane flu id ity  is enhanced 

either by replacing 20:4n-6 w ith  20:5n-3 or by replacing the latter by 22:6n-3. 

In fact the major PUFAs in biomembranes are flu id  under standard conditions o f 

storage in a deep-freeze (-20 C), a situation that accounts fo r the w ell known 

deterioration o f phospholipids in this situation. PUFAs longer and more
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unsaturated than 20:4n-6 inclusive are able to exist in a spiral conformation (Bell 

et al., 1986).

The physica l p rope rties o f fa tty  acids va ry  w ith  th e ir  degree o f 

un sa tu ra tio n

The firs t double bond o f an unsaturated fatty acid commonly occurs 

between its C9 and CIO atoms counting from the carboxyl c  atom (a A  -or 9- 

double bond) as shown in Table 1. Among polyunsaturated fatty acids, the 

double bonds tend to occur at every thrid carbon atom towards the methyl 

terminus o f the molecule (such as -CH=CH-CH2-CH=CH-). Double bonds in 

PUFAs are almost never conjugated (as in -CH=CH-CH=CH-). T rip le  bonds 

rarely occur in  fatty acids or any other compound o f biological orig in (Voet and 

Voet, 1995).

Saturated fatty acids are highly flexib le molecules that can assume a 

wide range o f conformations because there are relatively free rotation about each 

o f their C-C bonds. Nevertheless, their fu lly  extended conformation is that o f 

m inim un energy because this conformation has the least amount o f steric 

interference between neighboring methylene groups. The m elting points o f 

saturated fatty acids, like  those o f most substances, increase w ith  molecular mass 

(Voet and Voet, 1995).

Fatty acid double bonds almost always have the cis configuration. This 

puts a rig id  30 c  bend in the hydrocarbon chain o f unsaturated fatty acids that
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in terferes w ith  their e ffic ien t p ack in g  to  fill sp ace. T h e  c o n seq u en t red u ced  V an  

der W aals in teractions ca u se  fatty acid  m eltin g  p o in ts  to  d ecrea se  w ith  their 

d eg ree  o f  unsaturation. L ip id  flu id ity  lik e w ise  in crea ses w ith  the d eg ree  o f  

unsaturation o f  their co m p o n en t fatty acid  resid u es (V o e t  and V o e t, 1 9 9 5 ).

Fam ilies o f fa tty  acids and th e ir  metabolisms

R ela tio n sh ip s b etw een  fatty ac id s in p a th w ay s o f  m eta b o lic  co n v ers io n s  

can  b e  eva lu a ted  b y  co n sid er in g  groups or fa m ilie s  o f  fatty a c id s  b ased  on  the 

prim ary parent or in itia l unsaturated ac id  in the seq u e n c e  (F igu re  1). T h e  

p red om in ant fatty acid  fa m ilie s  are the n -6  a c id s d eriv ed  from  1 8 :2 n -6 , the  

ท-3 acid s d erived  from  18:3n -3 , the ท-9  acid s d erived  from  1 8 : ln -9 , and the ท-? 

a c id s d erived  from  1 6 : ln -7  (V a n ce  and V a n ce, 19 8 5 ).

1610------ ► 16!1 (ท-?)

1810 ------ ► 18ะ|โท-9)

2o:o 20:1 (ท- 9)

J22:0 22:1 (ท-ร)

I

18I3(n-3) --► 1ร:4(ท-3)

► 18ะ3(ท-6) 20ะ4(ท-3)-----► 20ะ5(ท-3>

20!4(ท-6) 22ะ5(ท-3)---- ► 22ะ6(ท-3)

2410 2411 Cn-ร)

CHAIN ELONGATION

DESATUATION

F igure 1. M ajor parthw ays o f  fatty acid  b io sy n th esis  b y  d esatu ration  and chain  

e lo n g a tio n  in  an im al tissu es  (M od ified  from  V a n ce  and V a n ce , 1 9 8 5 )
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Biosynthesis &  m arine  species

T h e b io sy n th es is  o f  fatty acid s from  p recursor is  d ifferen t from  fa m ilie s  

o f  fatty ac id s b ased  on  p recursor in  seq u en ce . T h e  precursor fatty a c id s  o f  ท-3, 

n -6 , ท-9  fa m ilie s  are lin o le n ic  (1 8 :3 n -3 ) , lin o le ic  (1 8 :2 n -6 ) , o le ic  ( 1 8 : ln - 9 )  acid s, 

resp ectiv e ly . T h e prim ary p recursor w ill sy n th e siz e  e ssen tia l fatty ac id  by  

e lo n g a tio n  and/or desaturation  in  ea ch  fa m ily . E x cep tio n  ท-9  fa m ilie s  o f  fatty  

acid s, th ey  can  sy n th e size  from  saturated fatty ac id s (T h on grod , 1 9 9 2 ).

T h e  b io sy n th es is  o f  fatty ac id s from  a c e ta te -1- c  is  ex a m in e d  on  the  

p raw n s, P. monodon  and p. merguiensis. A fter  in jection  o f  a ce ta te -1- c  in  both  

p. m onodon  and p . merguiensis, rad ioactiv ity  is  m a in ly  a sso c ia ted  w ith  p a lm itic  

acid  (1 6 :0 ), p a lm ito le ic  ac id  (1 6 :1 ) , stearic ac id  (1 8 :0 )  and o le ic  ac id  ( 1 8 : ln -9 ) ,  

but sca rce ly  or s lig h tly  w ith  lin o le ic  acid  (1 8 :2 n -6 ) , lin o le n ic  a c id  (1 8 :3 n -3 ) , 

e ic o sa p en ta en o ic  acid  (2 0 :5 n -3 ) , and d o co sa h e x a e n o ic  acid  (2 2 :6 n -3 ) . T h ese  

resu lts su g g est  that 18 :2n -6 , 1 8 :3 n -3 , 2 0 :5 n -3  and 2 2 :6 n -3  m a y  b e  e sse n tia l for  

p. monodon  and p . merguiensis (K a n a za w a  e t ฟ ., 1 9 7 9 c ). It ca n  b e  c o n c lu d ed  

that p . m onodon  and p . m erguiensis lack  the ab ility  for d e  n o v o  sy n th e sis  o f  

18 :2 n -6  and 18:3n -3  from  acetate  (K a n azaw a  e t ฟ ., 1979c; K a n a za w a  and  

T esh im a , 1 9 7 7 ).

P rev io u s stu d ies, the praw n, p . japonicus  h as b een  to  b e  in ca p a b le  o f  

sy n th esiz in g  18 :2n -6 , 1 8 :3 n -3 , and H U F A  su ch  as 2 0 :5 n -3  and 2 2 :6 n -3  from  

acetic  ac id - c  and p a lm itic  ac id  (1 6 :0 )-  c ,  but ca p a b le  o f  co n v ertin g  e x o g e n o u s  

18 :3 n -3 - c  to  2 0 :5 n -3  and 2 2 :6 n -3  (K a n a za w a  et ฟ ., 1977b ; K an aza w a ,
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T esh im a  and T o k iw a , 1 9 7 9 e). It a ssu m es that the rad ioactiv e  ท-3 H U F A s  m igh t  

b e form ed  b y  the ad d ition  o f  rad ioactive  C 2-unit, w h ich  is  p rod u ced  during 13- 

ox id atio n , to  p reex istin g  c , 8 and C 20 acid s w ith  d o u b le  b on d s at th e ท-6  and ท-ร 

p o sitio n s  b y  the sa m e m ech a n ism  as d em on strated  in  f ish  and cru stacean s  

(K a n azaw a  e t a l., 1 9 7 9 c ).

K an aza w a  and K o sh io  (1 9 9 4 )  ex a m in ed  the ab ility  for b io co n v ers io n  o f  

18:3n -3  to  other fatty a c id s , e sp e c ia lly  H U F A s  b y  cru sta cean s. It w a s  fou n d  that 

P. japonicus, P. chinensis, Macrobrachium rosenbergii and Palaemon paucidens 
had a lim ited  ab ility  for b io co n v ersio n  o f  18:3n -3  to  2 0 :5 n -3  and 2 2 :6 n -3  and  

larvae p. japonicus had a greater ab ility  to  b io con vert 18 :3n -3  to  ท-ร H U F A s  

than ju v e n ile s , su g g e stin g  ch a n g es  o f  fatty ac id  m eta b o lism  b efo re  and after  

m eta m o rp h o sis . T h e  larvae a lso  sh o w ed  a c tiv e  turnover o f  d ietary  1 8 :3 n -3  to  

lo w e r  fatty a c id s su ch  as 16:0 .

A lth o u g h , p raw n s are ab le  to  m eta b o lize  parent a c id s  su ch  as lin o le ic  and  

l in o le n ic  a c id s  to  ท-6  and ท-ร H U F A  in  th e  sa m e w a y  as d em on stra ted  in  fish , it 

is  prob able  that their co n v ers io n  ab ility  is  le s s  a c tiv e  (K a ya m a e t ฟ ., 1 9 8 0 ) and  

u n ab le to e lo n g a te  and desaturate lin o le n ic  acid  to  ท-ร H U F A . T h is ab ility  is 

v ery  lim ite d  and ca n n o t sa tisfy  the qu an tita tive  n eed s  o f  th e  sh rim p  w h ich  m u st  

b e p rov id ed  w ith  a su ff ic ie n t  d ietary ท-ร H U F A  su p p ly  (K a n azaw a , T e sh im a  and  

E n d o, 1 9 7 9 a ). T h e  co n v ers io n  ab ility  o f  p raw n s are n o t so  stron g as in  the  

ra in b ow  trout (C a ste ll, L e e  and S in n h ub er, 1972a; W atan ab e e t al-, 1974; 

W atan ab e and T a k eu ch i, 19 7 6 ).
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T h e co n v ers io n  o f  ท-3 and n -6  typ e  essen tia l fatty  ac id  to  lo n ger  chain  

P U F A s  has b een  fou n d  to  d ep en d  on the rela tive  am o u n t o f  each  in the d iet 

(C o lv in , 1 9 7 6 ). T h e  h igh  con ten t o f  P U F A s  in lip id s o f  a ll the tissu e  in  the  

cu ltu red  herring is  ob serv ed  that it is  p o ss ib le  to  in h ib it th e  e lo n g a tio n  and/or  

desaturation  o f  fatty a c id s (O w en  and M id d leton , 19 7 7 ).

Essential fa tty  acid (EFA)

G en era lly , an im als are n ot ab le  to  sy n th e size  E F A  in  b od y  or h ave  

lim ite d  ab ility  to  sy n th e siz e  E F A  for grow th . E F A  m ust therefore  be su p p lied  in  

d iet (C aste ll e t  al-, 1972b ; W atan ab e et ah, 19 7 4 ). T h e  ท-3 and ท-6  ser ies fatty  

a c id s are e ssen tia l fa tty  acid  in m arine an im als. T h e  ท-3 ser ies  fatty ac id s such  

as 18 :3 n -3 , 2 0 :5 n -3  and 2 2 :6 n -3  are g en era lly  fou n d  in  m arin e  fish  o ils  but the  

ท-6  ser ie s  fatty  a c id s w er e  a lm o st abundant in  terrestrial p lant o ils .

The p rin c ip le  functions o f essential fa tty  acid

T h e  p r in c ip le  fu n ction s o f  E F A  (ท-6  and ท-3 P U F A s)  are related  to sk in -, 

m em b ran e-, and  e ico sa n o id -re la ted  p h en o m en a  (T ab le  2 ) . E ssen tia l fatty acid  

d e fic ie n c y  (E F A D ) a n im als, particu larly rats, lo se  co n s id era b le  am ou nts o f  w ater  

through  th e  sk in . T h is  lim its  grow th  rates b eca u se  o f  the n eed  for th erm o gen esis  

to  c o m p en sa te  for ev a p o ra tiv e  heat lo ss .
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T a b le  2 - M ajor fu n ction s o f  essen tia l fatty acid s (K in se lla , 19 91 )

Parameters Functions S p ec ific  fatty acids

Skin R educe transepidermal 
water loss

C om ponent o f  acy lg lycoceram ides

L in o le ic  acid  

co lu m b in ic  acid

M em brane integrity, Transport, receptors, L ong-chain  polyun-
flu id ity , th ickness enzym es saturated fatty acid  

(C20,c 22)?ท-3 P U F A , 
D H A

E icosan oid Prostanoids (sm oth m uscle, A rach idonic acid and
precursor secretory, etc.)

L eukotrienes (ce lk cell 
interactions, im m une functions)

e icosap en taen oic  acid

M od u lation E icosanoid  synthesis ท-3 H U F A : ท-9 H U F A

E ssen tia l fatty acid s are im portant in  m em b ran e structure as in tegral 

c o m p o n en ts  o f  p h o sp h o lip id s w h ich  are required  for  in teg r ity  and flu id ity  o f  

in tracellu lar  and p la sm a  m em b ran e (T ab le 3 ) . In th is regard , lo n g -ch a in  H U F A s  

w ith  2 0  and 2 2  carbon  atom s are apparently preferred. T h e  lo n g -ch a in  ท-3 

H U F A  E P A  (2 0 :5 n -3 )  and D H A  (2 2 :6 n -3 ) are rea d ily  incorporated  in to  

m em b ra n es and rep la ce  arach idonic acid  (A A ) . E ico sa tr ien o ic  (E T A , 2 0 :3 n -9 ) is  

sy n th e sized  w h en  d ietary P U F A s  are lim ited  (K in se lla , 1 9 9 1 ).



T a b le  3 . P o ss ib le  ro les o f  p olyunsaturated  fatty acid s in  m em b ra n es (K in se lla ,

19 9 1 )
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-In flu en ce  m em b ran e hydrocarbon ch ain  order and th ick n ess  

-M od u la te  p h y s ica l flu id ity  and f lex ib ility

-In flu en ce  n o n sp e c if ic  p erm eab ility  o f  b ilayers to  sm all m o le c u le s  

-In flu en ce  lateral p ressure and co m p ressib ility  

-In flu en ce  rates o f  m otio n  o f  m o lecu la r  co m p o n en ts  

-Interact sp e c if ic a lly  w ith  m em b ran e p rotein  to  fac ilita te  and recep tor  

fu n ction s

-M od u la te  sp e c if ic  in teraction s o f  head  grou p s o f  p olar lip id s w ith  io n  and  

acy l ch a in s w ith  ch o lestero l

-M od u la te  a c tiv ity  o f  m em b ran e-b ou n d  e n z y m e s  and recep tors  

-F u n ction  as se le c t iv e  m em b ran e barrier co m p o n en t

Essential fa tty  acid &  m arine  species

E F A s  w h ich  are im portant for n orm al grow th  in  m arin e  shrim p are ท-3 

and n -6  fatty  a c id s . T h e  ท-6  and ท-ร P U F A s  h a v e  d ifferen t m eta b o lic  fu n ction s  

and the sa m e d istin ct d ifferen ces  in  the P U F A s  nutrition  e x is t  b e tw een  the  

freshw ater praw n and m arine shrim p sp e c ie s  (D  A b ra m o and S h en , 1 9 9 3 ). It is  

a lso  k n o w n  that E F A  requirem ents d iffer  not o n ly  b e tw een  sp e c ie s  but a lso  

b etw een  grow th  sta g es  (R od rigu ez  e t  ah, 19 9 4 ).
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O vera ll, ท-6  fatty ac id s are w e ll assim ila ted  b y  P. m onodon. H o w ev er , 

m arin e fish  tend  to  u tilize  ท-3 better than n -6  fatty a c id s (M erican  and S h im , 

1 9 9 4 ). S an d ifer  and Josep h  (1 9 7 6 )  su g g ested  that ท-3 fatty a c id s are u sed  for the  

b io sy n th es is  o f  lo n g er  ch ain  P U F A s  for  tissu e  in corporation , w h erea s ท-6  fatty  

acid s are u tilized  as en erg y  sou rce.

K an aza w a , T esh im a  and O n o  (1 9 7 9 b ) h ave in v estig a ted  th e ca p a c ity  for  

co n v ers io n  o f  18 :3 n -3  to  H U F A s (2 0 :5 n -3  and 2 2 :6 n -3 )  in  va rio u s sp e c ie s  o f  

aquatic an im als, and fin d  that m arin e fish  and praw n h a v e  a lo w e r  a b ility  for  

su ch  a b io co n v ers io n  than fresh w ater fish  and b io sy n th es ize  ad eq u ate  am o u n ts o f  

th is H U F A  from  dietary precursors (C o lv in , 1976; K a n a za w a  e t a l., 1979b; 

B o ttin o  e t  a l., 1980; K ay am a e t al-, 1 9 8 0 ). C learly , th ese  fatty  a c id s m u st be  

p resen t in  the d iet to  en su re su c c e ss fu l grow th  and su rv iva l (X u  e t ฟ ., 1 9 9 3 ).

T h e  in f lu e n c e  o f  o n e  typ e  o f  fatty ac id s on  the e f f ic ie n c y  o f  u tiliza tion  o f  

the others has b een  ascrib ed  to  co m p e tit iv e  in h ib ition  o f  a c tiv e  e n z y m e  sites , 

alth o u g h  there is  n o  c o n c lu s iv e  e v id e n c e  that this in h ib itory  re la tion sh ip  e x is ts  

for f ish  or oth er aquatic an im als (C o lv in , 19 7 6 ).

T h e  d eg ree  o f  fatty ac id s e ssen tia lity  and ro le s  o f  H U F A s  in  m arine  

sp e c ie s  are su m m arized  in  T a b le  4  and T a b le  5 , re sp ec tiv e ly .
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T a b le  4 . S u m m a ry  o f  d e g r e e  o f  e s se n t ia lity  for  fa tty  a c id s  o f  c ru sta c e a n s  

ex a m in ed  (K a n azaw a  and K o sh io , 19 94 ).

C rustacean sp e ic e s

L ip id Penaeus
chinensis

Penaeus
japonicus

Penaeus
monodon

Penaeus
vannamei

Homarus
spp.

F atty acid s

18:2n -6 - + nd nd nd

18:3n-3 + + ++ nd nd nd

2 0 :5 n -3 + + +++ nd nd nd

2 2 :6 n -3 + + + + + + nd nd nd

L ip id  S ou rces

S o y  bean  o il - + + + + + +

P o lla ck  liv er + + + + + + + + + + + + +

o il

S q uid  liv er  o il + + + + + + nd nd nd

N o te s : + + + : m o st  e f fe c t iv e  fatty acid  or o il ++: m id d ly  e f fe c t iv e  fatty  a c id  or o il 

+: s lig h tly  e f fe c t iv e  fatty acid  or o il n o t e f fe c t iv e  fatty  ac id  or o il

nd: n o t d eterm in ed
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T a b le  5 . R o le s  o f  H U F A s  in m arin e sp e c ie s

Fatty acids F unctions A n im als

L in io len ic  acid E nhance grow th and rainbow  trout

(18:3n -3) health (C astell et al., 1972 a,b)

P lay a crucial and sp ec ific  role trout

in em bryo d evelop m en t (Leray and P elletier, 1985)

ท-3 H U F A G row th and d evelop m en t o f  

larva

fish  ( พ atanabe, 1982)

P lay a critical role in the phos- m arine organism
pholip id  fraction o f  b io- (Izqierdo et al., 1989;

m em brane T akeuchi et al., 1990)
V ite llo g en esis penaeid  shrim p  

(X u et al., 1994b)

E icop en taenoic P lay a role in the d evelop m en t red sea  bream

acid o f  the sw im  bladder (K anazaw a et al., 1982)
(E P A ,20:5n -3) P lay som e sp ecific  ro le  in the P. chinesis

ovarian d evelop m en t process  

relating to fecundity
(X u et al., 1994a)

D o cosa h ex aen o ic P lay som e sp ecific  roles in P. chinesis, P. setifems
acid brain and n eu rological ( X u et al., 1994a)

(D H A ,22:6n -3 ) d evelop m en t during early  

em b ryogen esis related to eg g  

hatchability
Stress resistance fish  (A k o et al., 1994)
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Essential fa tty  acid requ irem ent

A lth o u g h  stu d ies on  lip id  m etab o lism  in  cru stacean s are con d u cted  

earlier, s ig n ifica n t stu d ies on E F A  requirem ents o f  m arin e cru sta cean s are not  

in itia ted  until the m id -to  la te 1 9 7 0  ร . G uary et al. (1 9 7 6 )  d em on stra ted  that 18:2  

n -6 , 18 :3n -3 , 2 0 :5 n -3  and 2 2 :6 n -3  w ere  E F A  su p p lied  in  the d iet (K a n azaw a , 

T esh im a  and T o k iw a , 1977a; K an aza w a  et al., 1978; 1 9 7 9 b ). In stu d ies w ith  p. 
japonicus (K a n azaw a  et al., 19 7 7 b ), p. indicus (R ead , 1 9 8 1 ) and p . serratus 
(M artin , 1 9 8 0 ), it has been  sh o w n  that 18:3n -3 had greater E F A  v a lu e  than 18:2  

n -6 , w ith  p. japonicus, w h ere  lo n ger  ch ain  ท-3 fatty a c id s  lik e  2 0 :5 n -3  

(K a n azaw a  et a l., 19 7 8 ) and 2 2 :6 n -3  (K an azaw a et a l.,1 9 7 9 d )  h a v e  greater E F A  

v a lu e  than 18 :2 n -6  or 18 :3n -3 . T h e  ท-3 and ท-6  ser ie s  fatty  a c id s  p rov id e  

n orm al grow th  and su rviva l o f  ju v e n ile  C h in ese  praw n (P. chinesis). T h e  ท-3 

fa m ily  o f  fatty ac id s h av e  greater E F A  v a lu e  than the ท-6  in  the d iet o f  praw n. 

L o n g -ch a in  fatty ac id s o f  e ith er fa m ily  h a v e  greater E F A  v a lu e  than shorter- 

ch a in  fatty ac id s o f  the sam e s e n e s  (X u  et al., 19 93 ).

E nvirom en ta l influences o f fa tty  acids in animals

1. S a lin ity

T h e  p rop ortion s o f  saturated to  unsaturated fatty  a c id s in  g ills  and k id n ey  

are lo w e r  in  an im als reared in seaw ater  than th o se  reared in  freshw ater. 

L ik e w ise , the ratio o f  ท-3 to  ท-6  fatty ac id s and total P U F A s  o f  g ills  and k id n ey  

are h igh er in  an im als reared in  seaw ater  than reared in  freshw ater. T h e  fatty acid
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patterns o f  the p h osp h o lip id  fractions sh o w  that seaw ater-reared  m ilk fish  h ave  

h ig h er  total P U F A s, e sp e c ia lly  ท-ร fatty ac id s, than th e freshw ater-reared  on e. 

T h e  d ifferen ces  in lip id s and fatty ac id  co m p o s itio n s  re flec t  a p h y s io lo g ic a l  

resp o n se  to  the sa lin ity  in w h ich  m ilk fish  w ere  reared (B o r lo n g a n  and B en itez ,

1 9 9 2 ).

2 . T em perature

T h e  ท-ร fatty acid  requirem ent w o u ld  be greater for fish  ra ised  at lo w  

w a ter  tem peratu res. O n e  exp lan ation  is that the structure o f  ท-ร fatty  ac id s w ith  

m eth y len e  interrupted d ou b le  b onds p erm it a greater d eg ree  o f  unsaturation, 

w h ich  is  n ecessa ry  for m em b ran e p h o sp h o lip id s  to  m ain ta in  f le x ib ility  and per­

m ea b ility  ch aracteristics at lo w  w ater tem peratures (T h on gro d  e t a l., 1 9 9 0 ).

The q u a n tity  o f ท-ร HUFAs in diet

T h e  ท-ร H U F A s  are im portant in  m eta b o lism  o f  m arin e orgran ism s to 

im p ro v e  w e ig h t  ga in  o f  the praw n. B u t an im als can  n o t su ff ic ie n tly  sy n th esize  

ท-ร H U F A s  from  the precursor in the d iet to  p ro m o te  g o o d  for  grow th . It 

im p ile s  that ท-ร H U F A s  m u st b e su p p lied  in  d iet. H o w e v e r , su p p ressed  grow th  

o f  f ish  fed  fatty ac id s, such  as E F A  has b een  o b serv ed  in  ra in b o w  trout 

(T a k eu ch i and W atan ab e, 19 7 9 ), c o h o  sa lm o n  (Y u  and S in n h ub er, 1 9 7 9 ) and  

ch a n n e l ca tfish  (Satoh , P o e  and W ilso n , 1 9 8 9 ). T h e  in crea se  o f  20:5ท -ร  or 2 2 :6  

ท-ร le v e ls  from  1.0 to 2 .0  % g iv e s  n o  further im p ro v em en t o f  w e ig h t  in  praw n
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(K a n azaw a  et a l.,1 9 7 9 d ). It is  c lear that m arin e an im als n eed  an op tim u m  le v e l 

o f  ท-3 H U F A s in  the d iet for grow th  p rom otion .

T h e  op tim u m  le v e l o f  d ietary 2 0 :5 n -3  or 2 2 :6 n -3  for  the p raw n, p .  

japonicus, is  ab out 1 % resp ectiv e ly . P. monodon  p ostlarv ae  (P L ) g rew  w e ll on  

an A nem ia  w ith  b etw een  H U F A s-co n ten t 2 .6 5  m g /g  and 1 2 .5 5  m g /g , h o w ev er , 

for in crea se  o sm o tic  stress resistant, fe e d in g  A rtem ia  en rich ed  w ith  ท-3 H U F A s

12 .55  m g /g  p ro v id es  a better resu lt (R e e  et ah , 1 9 9 4 ). In fresh w ater shrim p, M . 

rosenbergii, requ ires ท-3 H U F A s at 0 .0 7 5 %  for grow th  and su rv iva l (D  A b ram o  

and S h en , 19 9 3 ).

Essential fa tty  a d d  de fidency (EFAD )

In th e a b sen ce  o f  dietary unsaturated fatty a c id s , gro w th  is  im p aired . 

Structural and m eta b o lic  pertubations ev id e n t is  ch aracterized  b y  red u ced  grow th  

rates, k eratosis, in creased  w ater lo ss  v ia  sk in  ,in crea sed  su scep tib ility  to  bacterial 

in fec tio n , m a le  and fem a le  sterility , d ecrea sed  e ic o sa n o id  sy n th e sis , red u ced  

con traction  o f  m yocard ia l tissu e , ab n orm al p la te le t ag greg ation , im paired  

m o n o c y te  and m acrop h age fun ction , and d e fe c t iv e  im m u n e  re sp o n ses  (K in se lla , 

1 9 9 1 ).

Essential fa tty  acid index

T h e  E F A  in d ex  (ratio o f  18:1 ท-9 /  ท-3 H U F A  in  th e p h o sp h o lip id  

fraction ) h as b een  su g g ested  as criterion for  E F A  status in  m arin e fish . T h e  ratio
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le s s  than 1 .0  w er e  con sid ered  in d ica tive  o f  su ffic ien t le v e ls  o f  p h o sp h o lip id  ท-3 

H U F A  in red seab ream  (K o v en  et ah, 1 9 9 2 ).

A cc o rd in g  toW atan ab e (1 9 8 2 ) , the ratio o f  2 0 :3 n -9 /2 0 :4 n -6  or 2 0 :3 n -9 /  

2 2 :6 n -3  are su g g e ste d  for E F A  in d ex , h o w ev er , th ese  o n ly  an in d ex  for  

eva lu a tio n  o f  E F A D  co n d itio n  o f  fish .
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