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INTRODUCTION

The in c re a s in g  w orld  demand fo r  p ro te in  ushers a 

widespread and in te n s iv e  search fo r  new sources. R ecen tly , 

the  aquacu ltu re  ven tures o f many c o u n tr ie s , p a r t ic u la r ly  in  

shrimp and prawn1  c u ltu re ,  are g iven se rio u s  c o n s id e ra tio n .

In  the P h ilip p in e s  the promise o f  the new in d u s try  as a new 

source o f food p ro te in  supply and a d d it io n a l income to  i t s  

teeming p o p u la tio n , has s tim u la te d  in -d e p th  research  on the 

c u ltu re  and c u l t iv a t io n  o f i t s  n a tiv e  spec ies , sugpo, 

spearheaded by two research  in s t i t u t io n s -  the MSU In s t i t u t e  

o f F is h e r ie s  Research and Development and the A quacultu re 

Department o f the  Southeast Asian F is h e r ie s  Development 

Center (SEAFDEC) .

NUTRITION OF SUGPO UNDER NATURAL CONDITIONS

The gu t o f sugpo i s  composed o f a mouth w ith  a sho rt 

esophagus which leads in to  a la rg e  capacious ca rd iac  and 

p y lo r ic  stomach which i s  equipped w ith  a g a s tr ic  m i l l  and 

hepatopancreas (F ig .  1 ) .  The esophagus, ca rd iac  stomach and 

the in t e r io r  h a l f  o f  the p y lo r ic  stomach w ith  the g a s tr ic  m i l l

1 See d if fe re n c e s  between shrimp and prawn in  Table 1
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or median teeth are parts of the foregut. The midgut is limited 

to the posterior half of the pyloric stomach. The hindgut 

refers to a long intestine extending from the pyloric stomach 

through the abdomen and opens to the exterior on the ventral 

side of the telson.

Little is known concerning the actual nutrition of 

sugpo. Under natural conditions they feed on the bottom 

epiflora (plants) and epifauna (animals) of the mud substrata and 

as such, they are described as "omnivorous scavengus" or 

"detritus feeders". Findings on gut analyses show the presence 

of indigestible remains (chitin fragments, annelid jaws and setae, 

etc.), organic detritus, algal material, small organism contained 

in the mud, and sand.

During digestion, digestive juices are produced almost 

entirely by cells of the hepatopancreas. Since sugpo does not 

chew their food effectively with the mouthparts, food chewing 

or grinding is the function of the gastric mill. Intensity 

of food ingestion is correlated with the degree of fullness of 

the gastric mill. Based on observations, within several 

minutes after a starved sugpo is given abundant blended food, 

the anterior chamber of the proventriculus fills to capacity. 

Ingestion ceases until some food has passed through the 

gastric mill. Defecation may begin in an hour after feeding 

and reaches a peak in 4 to 6 hours.
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CRITERIA OF GOOD NATURAL AND SUPPLEMENTARY FOOD IN COMMERCIAL 
SUGPO PRODUCTION AND CULTIVATION

There are c e r ta in  c r i t e r ia  to  be observed in  the

s e le c tio n  o f  food to  be g iven  to  sugpo a t d i f fe r e n t  la r v a l

stages and to  a d u lt .  The fo llo w in g  a re :

A. Q u a lity

A . l  Good N u t r i t io n a l  Value

In  co n s id e rin g  sugpo n u t r i t io n  one must recogn ize 

the  v a r io u s  developm ental stages (n a u p liu s , zoea, 

m ysis, post la rv a e , ju v e n ile  and a d u lt)  because each 

stage re q u ire s  c e r ta in  env ironm enta l c o n d itio n s  re la te d  

to  the  p h y s io lo g ic a l c o n d it io n  o f the  anim al as w e ll 

as to  i t s  feed ing  c h a ra c te r is t ic s .

Sound n u t r i t io n  determ ines grow th, m a tu ra tio n , 

and re p ro d u c tio n . N u t r i t io n a l  requ irem ents fo r  growth 

and metabolism c o n s is t o f d i f fe r e n t  c lasses o f n u tr ie n ts .  

These n u tr ie n ts  are the  food elements which are the end 

p roducts  o f d ig e s tio n  such as:

(1 .1 ) AA (amino a c id ) : The b u ild in g  b lock  o f P ro te in .

P ro te in  i s  a body b u i ld e r .  Sugpo is  made up o f 

protop lasm  which in  tu rn  is  composed o f n itrogenous 

compounds. P ro te in  i s  the on ly  food element c o n ta in in g  

n itro g e n  and is  th e re fo re  e s s e n tia l to  sugpo d ie t .

P ro te in  i s  composed o f AA (amino a c id ) which is  necessary
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in  a lm ost every m e tabo lic  processes (g row th , replacem ent 

and re p a ir  o f t is s u e  c e l ls ) .  I t  i s  i n the form o f 

amino ac ids  th a t p ro te in  is  absorbed t hrough the 

in te s t in a l  w a ll and in to  the b lood .

In  the fo rm u la tio n  o f feeds i t  has been found th a t 

the  amount o f re q u ire d  crude p ro te in  ranges front 40-60% 

fo r  f is h e s .  In  the search o f shrimp crude p ro te in  

requ irem en t, researches in  Japan revea led  th a t the value 

was g e n e ra lly  p ro p o r t io n a l to  the  p ro te in  con ten t rang ing  

from 60 to  75%, W ith  th is  f in d in g ,  i t  is  known th a t 

shrimps re q u ire  h ig he r amount o f p ro te in .  In  th is  

connec tion , in  the. e v a lu a tio n  o f  n u t r i t iv e  va lue o f a 

g iven  shrimp feed , i t  should be made as a standard to  

f in d  out whether or no t the amino ac id  components in  

the feed approxim ate the requ irem ents o f the shrimp 

(Table 2 ) .  In  the s e le c tio n  then o f m a te r ia ls  fo r  the 

fo rm u la tio n  o f feeds, t h e ir  amino ac ids  con ten t is  the 

p rim ary  c o n s id e ra tio n .  Table 3 shows amino ac id  

a n a ly s is  on common shrimp feeds. From th is  da ta , i t  is  

h ig h ly  s ig n if ic a n t  to  f in d  th a t amino ac ids  com position 

he ld  by the feeds o f h ig he r e f f ic ie n c ie s  is  approximated 

to  th a t found in  the shrim p. The best among the te s te d  

feeds are short-necked clam and squid meal. These con ta in  

amino ac ids  th a t are very c lose to  th a t o f the shrim p.
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Next in rank is vegetable soy-bean protein of whose 

amino acids approximate that of the shrimp than the 

crustacean brine shrimp. Whale meal, on the other 

hand, is rich in the amount of amino acids but the 

composition is different from that of the shrimp. The 

same is true with fish meal which is short in the 

content of basic amino acids essential for shrimp growth 

like phenylalanine, lysine, histidine and arginine.

Lack of these elements is found to lower the food 

efficiencies of fish meal, as evidenced in the feeding 

experiment done by Shigeno in Japan. Other identified 

amino acids necessary for shrimp growth are threonine, 

valine, methionine, isoleucine, leucine and triptophane.

(1.2) Simple Sugars

It is in this form where carbohydrates (CHO) is being 

absorbed in the blood. Carbohydrates are utilized by the 

tissue cells for energy or carried to the muscles where 

they are stored for future use. Table 3 shows certain 

percentage of CHO in some feeds used for shrimps.

(1.3) Fats

These are the richest source of energy. Weight for 

Weight basis, they yield more than twice as many energy 

units of either CHO or protein. Fats are utilized by
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the body in  metabolism th e ir  o r ig in a l  form or as f a t t y  

ac ids  o f which a l l  fa ts  are composed. S tored fa ts  

serve as a reserve supply o f energy and to  a c e r ta in  

ex te n t as in s u la t io n  in  the body. Table 3 a lso  shows 

fa ts  con ten t on te s te d  shrimp feeds.

( l . 4) V itam ins

V itam ins  are chem ical substances manufactured 

in  p la n ts  and found deposited in  anim al t is s u e s . They 

are e s s e n tia l to  l i f e  and good h e a lth . In  extrem ely sm all 

amounts they govern and re g u la te  many im po rtan t fu n c tio n s  

o f the body such as m etabolism . Example o f v ita m in s  used 

w ith  sugpo feeds are th ia m ine , r ib o f la v in ,  n ic o t in ic  a c id , 

b io t in ,  f o l i c  a c id , ch o lin e  c h lo r id e , menadione, asco rb ic  

ac id  and cyanobalam in. Table 4 g ives the com position o f 

v ita m in  m ix tu re  in  mg % in  shrimp d ie t .

(1 .5 ) M in e ra ls

These are chem ical substances fo r  b u ild in g  and 

re p a ir in g  t is s u e  c e l ls  and re g u la t in g  body processes. 

Im po rtan t m ine ra ls  are Ca, 0 , Fe, I ,  Na, K. Mn, C l, -  Mg 

Common m ine ra l s a lts  used w ith  shrimp feeds are K2 HPO4 (10%) 

Ca2 (PO4) 4 (15%) and C a -la c ta te  (75%) .

To fu r th e r  eva lua te  good n u t r i t io n  fo r  sugpo is  to  

use growth fa c to r  as an in d e x . Growth i s  a process which
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in v o lv e s  increase in  the number and s ize  o f c e l ls  composing 

the  organism.

Growth as e ffe c te d  by food can be measured by 

c a lc u la t in g  gross feed convers ion e f f ic ie n c y  (Eg) by 

the  fo rm u la  adapted from B r e t t ,  e t a l. (FAO p u b lic a t io n  1970):

where:
G = growth 
I  = food in ta k e

Then:

food convers ion r a t io  = 2 .4 
food convers ion e f f ic ie n c y  = 50%

Another way o f s o lv in g  growth i s  by adapting  the 

Shigeno fo rm u la  as presented below:
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Where:

Wo = i n i t i a l  body w eight (average) in  grams

W = f in a l  average body weight in  grams

no = i n i t i a l  number a t the s ta r t

n = f in a l  number a t ha rvest 

t  = d u ra tio n  o f re a r in g  experiment in  days 

F = t o t a l  amount o f fe e d -in ta k e  in  grams 

D = t o t a l  body weight o f dead shrimp in  grams

The f i r s t  convers ion e f f ic ie n c y  fo rm u la  i s  sim ple 

than the second. Whichever i s a p p lie d  p rov ides  an 

extrem ely u s e fu l measure o f the growth phenomenon fo r  

i t  in d ic a te s  both the c ircum stances under which the 

anim al is  most e f f ic ie n t  and the c r i t e r io n  fo r  most 

economical use o f the feed .

A .2 Food p re fe rence and u t i l i z a t io n  e f f ic ie n c y .

L im ite d  knowledge e x is ts  on both food pre ference 

and u t i l i z a t io n  efficiency. C e rta in  species c h a r a c te r is t i 

c a l ly  show changes in  food p re fe rences and feed ing  h a b its .

Food p re fe rences and u t i l i z a t io n  e f f ic ie n c y  are due to  the 

impact o f d i f fe r e n t  feeds o r in d iv id u a l n u tr ie n t  components 

on the f la v o u r  o r o rg a n o le p tic  q u a l i ty  o f shrim p. O rgano lep tic  

q u a li ty  o f shrimp has something to  do w ith  the a ttra c tive n e ss , 

o d o r ,  and ta s te  o f the food g ive n . T ex tu re , s ize  and
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shape would be o th e r fa c to rs  to  cons ider which has 

e f fe c ts  on the in g e s tio n  and d ig e s tio n  o r m orpho log ica l 

s tru c tu re  o f feed ing  a d ap ta tion  o f sugpo,

B. Comparative Low Cost Feeds

In  sugpo fa rm ing  cheaper cost o f p rodu c tion  would depend 

on pond p r o d u c t iv i ty  and pond c a rry in g  c a p a c ity . Pond p r o d u c t iv ity  

is  a r e s u lt  o f  the in te rp la y  o f many fa c to rs ,  such as the depth 

o f the water in  the  pond, the q u a l i ty  o f the w ate r, the  q u a n t ity  

o f fre s h  water a llow ed in to  i t ,  the tem perature o f the  water and  

i t s  su rround ing , the  com position  o f the  f is h  p o p u la tio n  and the  

type o f pond s o i l .

The degree o f p r o d u c t iv ity  v a r ie s  even in  between two 

ad jacen t ponds. Th is  is  a re s u lt  o f the  a b i l i t y  to  produce more  

n a tu ra l feed as " la b - la b " which houses p lank ton  and bottom an im a ls . 

The ra te  o f increase  o f these sm a ll u n ic e l lu la r  p la n ts  is  markedly 

c o n tro lle d  by the in te n s i ty  o f the p re v a il in g  l i g h t  and to  a 

le s s e r ex te n t by the ambient tem perature . To produce and 

m a in ta in  a la rg e  p o p u la tio n , adequate n u tr ie n ts  in  the form 

o f in o rg a n ic  n itro g e n  and phosphorous compounds, m inor 

n u tr ie n ts  and d isso lve d  CO2 must be made a v a ila b le .  And th is  is  

being done by f e r t i l i z a t i o n .

Pond p ro d u c t iv i ty  does no t app ly to  the p rodu c tion  o f 

weeds in  ponds. A weed i s  a p la n t th a t grows in  a lo c a t io n  

where i t  i s  no t wanted. A qua tic  weeds in  ponds d iv e r t
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the flo w  o f the bas ic  n u tr ie n ts  (N-P-K), CO 2, and s o la r energy 

from the de s ired  form o f p la n t l i f e  to  an undes irab le  one.

The id e a l food cha in  in  growing sugpo is :

In  ponds where supplem ental feed ing  i s  be ing done, weeds 

in te r fe r e  w ith  fee d ing  o f the  sugpo. F u rth e r, where la rg e  

amounts o f weeds are p resen t du ring  pe riod s  o f c loudy weather, 

the needs o f D.O. may exceed the pho tosyn thes is  in p u t ,  

causing sugpo losses from reduced O2 in  ponds. Example o f these 

weeds are fila m e n to u s  algae ( lu m u t) , h yd ro d ic tyo n , p ith o p h o ra , 

and potamogeton.

Pond c a rry in g  c a p a c ity  i s  a term used to  denote maximal 

a tta in a b le  y ie ld  fo r  a g iven  season, ta k in g  in to  c o n s id e ra tio n  

o f op tim a l increase  in  d a i ly  grow th. I t  was found out th a t h ig h e r 

tem perature reduce c a rry in g  ca p a c ity  because o f a g re a te r demand 

fo r  O2 by the c u ltu re d  species and by m icrooorganisms (a lg a l 

grow ths, p ro tozoa , and b a c te r ia )  th a t commonly accompany i t .

The c r i t e r io n  which l im i t s  the c a rry in g  ca p a c ity  in  t h is  

case is  the re d u c tio n  o f oxygen le v e l to  6 ppm. The O2 supply 

must be s u f f ic ie n t  to  m a in ta in  normal growth (7 -9  ppm).

Weeds can reduce the ca p a c ity  o f a g iven pond by 

in h ib i t in g  la te r  development o f phy top lank ton  to  support the 

des ired  f is h  p o p u la tio n  th roughout the grow ing season.
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C o n tro l o f  the  growth o f weeds may be done by em ploying manual 

la b o r , in tro d u c in g  he rb ivo rous f is h  and us ing  o f capper s u lfa te  

o r lim e .

C. R ead ily  A v a ila b le  Feeds

For sugpo food to  be ca tego rized  as re a d ily  a v a ila b le  

i t ,  must be obta ined lo c a l ly  a t any g iven tim e i f  the  needs fo r  

i t  a r is e s . And s ince shrimps have a h igh  m etabo lic  ra te  when 

a c tiv e  or when i t s  food reserve is  low , the food supply is  

extrem ely im po rta n t to  the growth o f the an im a l.

FOODS UTILIZED IN EXTENSIVE AND INTENSIVE CULTURES OF SUGPO 
AND NUTRITIONAL PROBLEMS

A. Food Used in  P roduction  and C u lt iv a t io n  o f Sugpo

E xtens ive  c u ltu re  in v o lv e s  the use o f n a tu ra l bodies 

o f water w ith  m in im al c o n tro l o f the environm ent, com p e titio n  

and p re d a tio n . Sugpo f r y  come from n a tu ra l sources and feed on 

n a tu ra l food in  the  water which may be added w ith  m inim al 

a r t i f i c i a l  food . I t  i s  a lo w -d e n s ity  c u ltu re  method which 

u s u a lly  in v o lv e s  low c a p ita l  inves tm en t, and th u s , p r o f i t s  

can be low and v a r ia b le .  In te n s iv e  c u ltu re  on the o th e r hand, 

i s  expensive as i t  may n e c e s s ita te  the c o n s tru c tio n  o f h a tc h e rie s , 

raceways and ponds. C u ltu re  is  h igh  d e n s ity  and thus re q u ire s  

f u l l  c o n tro l over ha tche ry  supp ly  o f sugpo f r y .  A r t i f i c i a l  

food is  used, supplemented by n a tu ra lly -d e v e lo p e d  food.
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In  in te n s iv e  sugpo f r y  p rodu c tion  types of  food g iven in 

Table 5 prove to  be good in  a t ta in in g  h ig he r s u rv iv a l ra te s . 

TABLE 5 . FOOD USED IN SUGPO FRY PRODUCTION

FOOD Stages
| Zoea Mysis P ostla rvae

Diatoms : + + +
S ing le  C e ll + + +
P ro te in (B read  ye a s t,  

fodder ye a s t, b a c te r ia  
f lo c k )  :

+ + +

Ju ice  (E e lg rass ,  
filam e n to us  algae  
sargassum) :

+ +

Cake (soya bean, mongo bean +

B ra c h io n u s /c h lo re lla  + +

Artem ia  n a u p l i i  + +

Minced clam + +

Shrimp meal +

Formula feed (p e lle te d  s q u id   
meal p lus  o th e r  
in g re d ie n ts )

+

Sugpo c u l t iv a t io n  feeds cou ld  be enumerated as fo llo w s :

1. la b - la b  (d ia tom s + b lue greens + zooplankton)

2. " lu m u t"  ( f i le n to u s  algae + diatoms + zooplankton)

sk in  o f cow o r carabao
4 . b ia  (b a g t is )
5 . minced f i s h  ( t i la p ia )
6. clam meat ( amahong)
7 . Shrimp
8. co n ce n tra te d  a lg a l frozen  foods
9« d r ie d  shrim p heads and waste l e f t  a f t e r  p rocess ing  and 

mixed w ith  r ic e  bran
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The a b i l i t y  o f sugpo p o s tla rva e  to  accept n o n - l iv in g  

food makes i t  b e t te r  s u ite d  fo r  in te n s iv e  c u l t iv a t io n .  How

eve r, w ith  increase  in  s ize  o f the m aturing  an im a l, the s ize  

o f the food p a r t ic le s  should be p ro p o r t io n a lly  increased . 

Percentage s u rv iv a l o f P.  monodon p o s t- la rv a e  on va rio u s  foods 

is  g iven in  Table 6. W hile minced clam has been used as the 

main bu lk  o f sugpo food , researches to  be undertaken are geared 

to  the development o f " a r t i f i c i a l "  or s y n th e tic  d ie ts . Feed

in g  dosage o f the supplementary food is  s t i l l  to  be d e te r

mined, so th a t the e f fe c ts  o f decom position o f u n -u t i l iz e d  

food in  the growing ponds w i l l  cease to  be a se rio us  problem .

Table 6. S u rv iv a l Rate % o f Advance Stage o f 
P. Monodon Post Larvae Fed w ith  
Various foods (MSU-IFRD), 1973-1974

Food P 4 -- -- - - -P 1 5
P7---P26 P10-----P33

Benthic (Bottom) 
Diatoms

√ √ √

Planktonic (float-
ing) Diatoms

√ √ √

Copepod √
Brachionus √ √

A r temia √ √ √

Minced Clam √ √ √

Bread Yeast √ √ √

D in o f la g e lla te √ √ √

Protozoans √ √ √

Count a t  N auplius 288,000 332,640 423,360

Stage 1 , 072, 138
Count a t ha rves t 195,000

530, 000

60,000 60,000

Percentage S u rv iv a l 
a t ha rves t

67.71 46.64
18.04 14.17



B. Problems in  Shrimp N u t r i t io n

The fo llo w in g  are o f im po rtan t co n s id e ra tio n  in  the 

n u t r i t io n  o f shrim p:

1 . D e te rm ina tion  o f an O ptim al Feeding Environm ent.

To determ ine the environm enta l fa c to rs  th a t enhance feed ing  

e f f ic ie n c y , i t  i s  necessary to  experim ent on tem perature and 

s a l in i t y  requ irem en ts , e f fe c ts  o f a e ra tio n ; e f fe c t iv e  removal 

o f w a te rs /se d im e n ta tio n , as w e ll as the e f fe c ts  o f  po ss ib le  

contam inants in  the  w a te r.

2 . Tbs in h e re n t v a r ia b i l i t y  i n  the  an im a l. D iffe re n ce s  

in  growth ra te s  among in d iv id u a l shrimp seem to  be g re a te r than 

those observed in  some o th e r an im a ls . Th is  in h e re n t v a r ia b i l i t y  

makes in te r p r e ta t io n  o f da ta more d i f f i c u l t  e s p e c ia lly  in  the 

comparison o f groups o f  10-20 in d iv id u a ls .  A mean from th is  

p o p u la tio n  growth w i l l  be markedly a ffe c te d  by the presence o f 

one ra p id  o r one slow grow ing shrim p. A lthough a ttem pts have 

been to  made to  choose an im als o f a un ifo rm  age and s ize  w ith

a known fee d ing  h is to r y ,  v a r ia b i l i t y  i s  s t i l l  an im po rtan t 

fa c to r  to  be considered by in v e s t ig a to rs .

3 . The s e le c t io n  o f  the  form o f food in  i t s  in g re d ie n ts . 

Food fo r  shrimp should re ta in  i t s  form and cons is tency  fo r  a 

number o f hours in  w a te r. I t  must a lso  be a t t r a c t iv e  and 

a v a ila b le  to  the  stage to  which i t  i s  p resen ted . The food 

form whether a f la k e  in  the  w ater column o r a p e l le t  on the
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b o tto m, should be determ ined based on the behaviours o f a 

g iven s tage. For example, the tendency o f sugpo P1- P5 

to  spend much o f t h e i r  tim e in  the water column may account 

the success o f  l i v e  brachionus s p ., copepod or b r in e  shrimp 

n a u p li i  as food . These food organisms are fre q u e n tly  

encountered and thus in g e s te d , s ince they swim a c t iv e ly  in  

the water column.

4 . The p re s e n ta tio n  o f  the data in  a form u s e fu l to  
o th e r in v e s t ig a t io n s  and to  the commercial m a r ic u l tu r is t .

Because our data must e v e n tu a lly  be o f use to  the commercial

a q u a c u ltu r is t , the use o f s im p le , d ire c t  p re s e n ta tio n  of 

data is  more d e s ira b le . For example, growth presented as

percen t increase  e ith e r  in  mean weight o r biomass is

com plica ted when comparison between groups o f anim als o f

d i f fe r e n t  i n i t i a l  w eight i s  taken fo r  pe rcen t increase  is

in v e rs e ly  re la te d  to  i n i t i a l  w e igh t. To have s im p le r  data

p re s e n ta tio n  on grow th , growth should be taken as a fu n c tio n

o f tim e . Thus graph ing o f the  data may be understood b e t te r

w ith  mean w eigh t on the Y -a x is  and elapsed tim e on the  x -a x is .

CONSIDERATION IN DEVELOPMENT OF "ARTIFICIAL OR SYNTHETIC DIET 
RATION FOR SUGPO

The food supply fo r  the la r v a l  and p o s t la rv a l stages o f 

sugpo is  a ch a lle n g in g  problem . In  th is  rega rd , the 

encapsu la tion  and pelle ted food ra t io n  may o f fe r  the  g rea t
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p o s s ib i l i t y  o f the  development o f a com ple te ly  c h e m ica lly - 

de fined  foo d . 

The techn iques o f m ic ro -en capsu la tion  and p e l le t in g  

c o n s is ts  o f en c los ing  sub s tra tes  (s in g le  or mixed m a te r ia ls , i . e .  

squid meat and v ita m in s  and m ine ra l s a lts )  w ith in  a developed 

b in de r or w a ll (s ta rc h , gulaman o r a g a r-a g a r), S e le c tio n  and 

com bination o f a ty p ic a l  b in de r can c o n tro l f le x ib i l i t y  or 

p e rm e a b ility  o f the  w a ll to  e f fe c t  c o n tro lle d  re lease  o f the 

nuc leus. Th is  slow le a ch in g  o f n u tr ie n ts  w i l l  a t t r a c t  shrimp 

and s tim u la te  th e i r  feed ing  response. D ens ity  o f the capsule or 

p e l le t  should a lso  be no ted . Th is  has something to  do w ith  the 

n e u tra l bouyancy o f the fed  in  sea water or i t s  ra p id  s in k in g  to  

the bottom . I f  these processing  techniques w i l l  be f u l l y  

developed i t  m ight be the e x c e lle n t v e h ic le s  fo r  the in tro d u c t io n  

o f hormones and o th e r chem ical re g u la to ry  substances th a t w i l l  

in flu e n c e  the behav io r and growth o f sugpo la rv a e , post la rva e  and 

a d u lts .



FIGURE 1.  Stomach of Penaeus monodon (Fabricius). (A) Lateral View, 
(B) Sagital section.



Table I

D iffe re n c e s  between shrimp and prawn

FACTORS SHRIMP PRAWN

1. Fam ily

2. G i l ls

3 . C h a ra c te r is t ic s  
abdominal p le u ra  
o f 2nd segment

Penaeidae  Palaemonidae

D endrobranch ia te  p h y llo b ra n c h ia te

do no t ove rlap  
w ith  f i r s t
abdominal 
p le u ra

overlaps 
w ith  f i r s t  
abdominal p le u ra

4 . Example Penaeus monodon Macrobrachium
ro senb e rg ii



Table 2. Am ino-acid A n a lys is  o f  Whole -  Body o f  4 Penaeid Shrimps (Dry M a tte r ) ,  Jan. , 1973
( Shigeno)

Species 
and 

L o c a li ty

P. m ergu iensis P. monodon M. monoceros P . ja p o n ic u s P. j aponicus
(T h a ila n d ) (T ha ilan d ) (T h a ila n d ) (Japan, F ished) (Japan, C u ltu red )
AA 

%
Composition 

%
AA 

%
Composit io n  

%
AA 
%

Composition 
%

 AA 
%

Composition 
%

AA 
%

C o m p o s itio n  
%

A s p a rtic  ac id 5. 9 9 11.80 5.47 10.62 5.74 15.25 5.38 1 1 .38 5.03 12.18
Threonine 2.13 4.20 2.09 4.06 1.48 3.93 2 .23 4.72 1.81 4. 38
S erine 2.18 4.29 2.08 4. 04 1.44 3.83 1.87 3.96 1.71 4.14
G lutam ic a c id 8 .39 16.53 8.53 16.56 6.08 l6 .16 7.71 16.31 6.76 16.37
Pr o l in e 1.84 3.62 2.25 4.37 1.28 3.40 1.62 3.43 1.70 4.12

G lyc ine 2.47 4.87 2.79 5 .42 1.73 4.60 2.35 4.97 2.27 5.50

A la n in e 2.97 5 . 85 2.88 5.59 2.09 5 .5 5 ... 2.64 5.58 2.29 5.55
C ystine 0.43 0.85 0.52 1.01 T r . 0 .54 1.14

V a lin e 2.79 5.50 2.84 5 . 51 1.93 5.13 2.84 6.01 2.04 4.94

M eth ion ine 1. 37 2.74 1.32 2.56 1.04 2.76 1.28 2.71 0.92 2.23

Is o le u c in e 2.29 4.51 2.57 4.99 1.86 4.94 2.27 4.80 2.13 5.16

Leucine 3.88 7.64 3.83 7.43 2.86 7.60 3.97 8.40 3.0 5 8.11

Tyros ine 1.84 3.62 1.97 3.82 1.42 3.77 1.79 3.79 1.57 3. 80

P heny la lan ine 2.27 4.47 2.41 4.68 1.67 4.44 2.12 4.48 2.05 4.97

Lysine 4.18 8.23 4.00 7.76 2.92 7.76 3.55 7.51 3 .03 7.34

H is t id in e 1.13 2.23 1.23 2.39 0.88 2.34 1.10 2 . 3 3 1.04 2.52

NH3 0.89 1.75 0.93 1.77 0.60 1.59 0.77 1 .63 0.67 1.62

A rg in in e 3.71 7.31 3.83 7.43 2.61 6.95 3.24 6.85 2.91 7.05

50 .7 7
51.52

37. 63 47.27 41.28



Table 3

Chemical com position  o f shrimp feeds (Shigeno & 
Deshimaru (1972)

Feeds
Percentage on dry bas is

Crude
P ro te in

Fat Carbohydrate

Squid meal 81.38 9.63 5 . 33
Shrimp meal 76 .0 5 2.72 5.57
B rine  Shrimp meal 54.44 4.92 21.48
Marine Yeast 25.63 2.69 63.50
Petroleum Yeast 61.22 2.10 26.24
F ish  Meal 70.47 7.69 1.74
Sperm Whale Meal 78.97 3.83 7.36
F in -back Whale 

Meal 82.34 3 .49 8.82
Soybean-protein 50.39 1.17 41.92
S ho rt- necked clam 84.20 — -

Table 4
Com position o f v ita m in  m ix tu re  used in  shrimp feeds 

(Shigeno, 1972)

V itam ins mg % in  d ie t

T h ia m in e -h y d ro c h lo r id e 5
R ib o f la v in 40
P yrido x in e  -  h yd ro ch lo rid e 10
Cyanacobalamin 0.01
N ic o t in ic  ac id 75
Ca-oantothenate 50
B io t in 1
In o s i to l 200
F o lic  Acid 3
C holine c h lo r id e 250
p-Aminobenzoic ac id 4o
Menadione 2.5
A scorb ic a c id  ( Ca -s a lt 300
C h o le s te ro l 1250


