
C H APTER  I I I

M A T E R IA L S  AND M ETH O D S

D ie t and its p repara tion

D ie t  in gred ien ts sh o w n  in T ab le  6 (ex cep t fish  o il) , w er e  ground to 

p o w d e r  and m ix e d  b y  a tw in  bead  ro llin g  m ixer for 15 m in . T h en , the d ifferen t 

ty p es  o f  fish  o il w er e  ad d ed  to  certain le v e ls  accord in g  to  a form u la  o f  T a b le  7 . 

T h e se v e n  form u lation s con ta in ed  various sou rces o f  o i l  in th e H U F A s  

con cen tration  ran g in g  from  0 .3 5  to  1.5%  (พ /พ ). S u b seq u en tly , th ey  w ere  

p e lle tiz e d  b y  a p e lle tin g  m a ch in e  at 8 0  c ,  stream ed at 9 0  c  for  5 m in , and dried  

in  an o v e n  at 9 0  c  for 2  hr. D ry  p e lle ts  w ere  separated through a s ie v e  w ith  the  

p ore  s iz e s  o f  7 1 0 , 5 3 0  and 3 0 0  p m , resp ec tiv e ly . E ach  s iz e  o f  p e lle ts  w a s  k ep t  

in  -2 0  c  under dark until b e in g  used .

E xperim en ta l anim als

N a u p liu s  o f  P. m onodon  w ere  obtained  from  D a o w th o n g  farm , 

C hanburi p ro v in ce . T h e y  w ere  reared at the hatchery o f  the D ep a rtm en t o f  

M a rin e S c ie n c e , C h u la lo n g k o m  U n iv ersity  and w ere  fed  o n  Chaetocerous sp. 
and n ew ly -h a tch ed  Artemia. A fter  d ev e lo p ed  in to  p ostlarvae  sta ge , the la ev a e  

w er e  fed  on  o n ly  n ew ly -h a tch ed  Artem ia. W hen  the larvae reach ed  d ay  20th  

(P L -2 0 ) , th ey  w er e  ran d o m ly  co u n ted  and u sed  in  the exp erim en t.



T a b le  6 - In g re d ie n ts  o f  th e  e x p e r im e n ta l  d ie ts .

Ingred ients (% พ /พ ) dry w e ig h t

F ish  m eal 3 2

S o y a  bean  m eal 25
Shrim p head  m ea l 10

W h eat flou r 2 0
S o y  lec ith in 2
W h eat g lu ten

2
4

V itam in  p rem ix 2
F ish  o il 5

p rov id ed  b y  U n icord  feed  C o . L td ., T hailand .

p rov id ed  b y  R o v ith a i., T hailand. It con ta in ed  se len iu m , M g C 0 3, K I, Z n O , 

S i 0 2, an tiox id ant, p ig m en t, C o S 0 4,M n S 0 4 C u S 0 4, F e S 0 4, c h o lin e , b io tin , 

C a, n ia c in , fo lic  acid  v itam in  A , D , E , K , B 2,B 6, B  12. 

p rov id ed  b y  T .c .  u n ion  agrotech  C o ., L td ., T hailand .



T a b le  7 . Q u a n t ity  o f  f ish  o ils  a n d  E P A /D H A  ra tio  in  e x p e r im e n ta l  d ie ts .

D ie t

A m o u n t o f  o il ( %, พ /พ )

E P A /D H A

%(พ /พ )

ท-3 H U F A s  

in  d iet

C o m  o il S em i-refin ed

oil

R efin ed  tuna  

o il
*

1 5 .0 - - 1:3 0 .3 5

2 2 .5 2 .5 - 1:3 1.0

3 2 .5 1.25 1 .25 1:2 1.0

4 2 .5 - 2 .5 1:1 1.0

5 - 5 .0 - 1:3 1.5

6 - 2 .5 2 .5 1:2 1.5

7 - - 5 .0 1:1 1.5

C on tro l d iet

Feeding tr ia ls , experim ental design and con tro lled  conditions

T w e n ty  circu lar rearing tanks f ille d  w ith  1 5 0  litres o f  filtered  and  

d is in fe c t io n  seaw ater  (3 0  ppt) w ere  u sed  in  the p resen t stu d y. E a ch  tank  

con ta in ed  7 3  p ostlarvae  (1 0 0  P L -2 0 /m  ). T h e  c o m p le te ly  ran d o m ize  d es ig n  

(C R D ) exp er im en t w a s  d esig n ed  w ith  7 d iet treatm ents (T a b le  7 ) . T h ree  

rep lica tes w a s  d o n e  in  each  treatm ent, e x c e p t  for d iet 1 (con tro l d iet) o n ly  

d u p lica te  w a s  d on e . D uration  o f  the ex p er im en t w a s  3 0  d ay s. Shrim p w a s  fed  5 

tim es a d ay  (8 .0 0 , 1 1 .0 0 , 1 4 .0 0 , 1 7 .0 0  and 2 0 .0 0 ) . U n ea ten  fo o d  and feca l  

m atters w er e  rem o v ed  b y  sip h on  ev er y  m orn in g  b efo re  the first feed in g . T h e  

rearing sy stem  in th is ex p er im en t w a s  a c lo se d  rec ircu la tin g  w ater sy stem .
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S eaw ater  w a s  filtered  through a b io lo g ic a l filter unit b efo re  re-en terin g  cu lture  

tanks. D u rin g  the ex p erim en t, shrim p m ortality  w a s  record ed  d a ily , and at the  

en d  o f  the exp er im en t (3 0  d ay s), sh rim p s w ere  in d iv id u a lly  w e ig h e d .

Proxim ate analysis o f the experim enta l diets

T h e  exp er im en ta l d iets w er e  an a lysed  for p rotein , fat, ash , fib er  and  

m oistu re  co n ten ts  w ith  m eth o d s d escr ib ed  b y  A O  A C  (1 9 9 0 )  (A p p en d ix  A ).

Analysis o f to ta l fa tty  acids com position in  oils, d ie t and sh rim p  tissues.

T a b le  8 . L ists  o f  c h em ica ls  u sed  in  fatty acid  a n a ly sis .

C h em icals Purchased from

R eference standard G LC  68 B  m ethylester N U  C H E K  PR E P, IN C ., U S A
E icosap en taen oic  acid  (C 20:5) N U  C H E K  PR E P, IN C ., U S A
Internal standard nonadecanoic acid (C 19:0) N U  C H E K  PR E P, IN C ., U S A
A cety l ch loride S igm a, U S A
Sep-P ak s ilica W aters A sso c ia tes, M ilford, M A ,

U S A

C hloroform  (A R  grade) M allinkrodt., U S A
M ethanol (A R  grade) M allinkrodt., U S A
N a 2 S 0 4 anhydrous (A R  grade) M allinkrodt., U S A
KC1 (A R  grade ) M allinkrodt., U S A

S ee  T able 9.
It w as d isso lv ed  in  m ethanol (5% , V /V ) and prepared in  co ld  container.
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T a b le  9 . T h e  fatty ac id  co m p o s itio n s  o f  re feren ce  standard G L C  m eth y lester .

C hain F atty  acid % b y w e ig h t

0 4 : 0 M eth y l m yristate 3 .0

0 4 : 1 M eth y l m yristo lea te 1.0

0 6 : 0 M eth y l p a lm ita te 1 0 .0

0 6 : 1 M eth y l p la m ito lea te 2 .0

0 8 : 0 M eth y l stearate 15 .0

0 8 : 1 M eth y l o lea te 2 5 .0

0 8 : 2 M eth y l lin o lea te 1 0 .0

0 8 : 3 M eth y l lin o len a te 4 .0

C 2 0 :0 M eth y l arachidate 2 .0

C 2 0 : l M eth y l 1 1 -e ico sen o a te 2 .0

C 2 0 :2 M eth y l 1 1 -1 4  e ico sa d ien o a te 2 .0
C 20:3 M eth y l h o m o g a m m a lin o len a te 4 .0

C 2 0 :4 M eth y l arach idonate 4 .0

C 2 2 :0 M eth y l b eh en ate 4 .0

C 2 2 : l M eth y l erucate 2 .0

C 2 4 :0 M eth y l lig n o cera te 2 .0

C 2 2 :6 M eth y l d o co sa h ex a en o a te 4 .0

C 2 4 : l M eth y l n ervon ate 4 .0
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Fa tty  acid analysis o f fish oil

F ish  o il in  th is exp erim en t w ere  from  2  sou rces; sem i-re fin ed  o il  

p rod u ced  from  f ish es  in  E u rop e and refin ed  tuna o il p rod u ced  in  T hailand . 

T h e se  tw o  typ es o f  fish  o il w ere  an a lysed  for fatty ac id  p ro file s  b y  G as  

C h rom atograp h y  (G .C ).

L ip id  extraction

S a m p les  con ta in in g  3 0  m g  o f  total lip id  w er e  dried in  an o v e n  at 7 0  

c  for 4 8  hr. D ry  sa m p les  w ere  extracted  w ith  9 0  m l o f  ch lo ro fo rm /m eth a n o l 

(2:1 V /V ) . Internal standard n o n a d eca n o ic  acid  ( C l 9:0) (0 .2  m l, 2 0 0 0  p p m ) w a s  

ad d ed  in  so lu tio n s and stirred for 15 m in , then filterd  throu gh  filter  paper  

(W h atm an  n o . l ) .  F iltrate w a s  transferred in to  a separatory fu n n e l co n ta in in g  4 0  

m l o f  KC1 (0 .1  M ). A fter  sh ak in g  the fu n n el for 1 -2  m in  and le a v in g  the fun n el 

at roo m  tem perature, tw o  p h ases o f  liq u id  in  th e fu n n el w e r e  o b serv ed . T h e  

lo w e r  p h a se  (C H C lg-lip id ) con ta in in g  lip id  w a s c o lle c te d . T w o  ex tra ctio n s w ere  

carried ou t in  the sa m e m anner as p rev io u s ly  d escr ib ed , in  ord er to  en su re  a 

g o o d  reco v ery  o f  lip id .

T h e  C H C 13-lip id  fractions w ere  p o o led , and filtered  throu gh  ] ^ ร 0 4 

an h yd rou s p r ev io u s ly  dried at 6 0  c  for 12 hr. T h e se  so lu tio n s w e r e  evap orated  

to  dry at 4 0  c  b y  a  v a ccu m  evap orator (m o d ified  from  A rtem ia  R eferen ce

C enter, 1 9 9 3 ).
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E ste rifica tion

T h e dry lip id  w a s  d isso lv ed  in 1 m l o f  h ex a n e , and 5 m l o f  5%  a cety l 

ch lorid e  (V /V ) in  m eth an ol w a s added  to  the lip id  so lu tio n . N itro g en  g a s  ( 0 2 

free) w a s f lo w n  in to  a v ia l o f  lip id  so lu tio n , and a v ia l w a s  sea led  under  

n itrogen . T h en , the m ixtu re w a s h eated  at 10 0  c  for  1 hr. A fter  the reaction , a 

v ia l w a s c o o le d  in  w ater, 5 m l o f  h ex a n e  and 5 m l o f  6%  (w /V )  K 2C 0 3 so lu tion  

w ere  s lo w ly  added  to  stop  the reaction  and to n eu tra lize  the m ix tu re. T h ese  

so lu tio n s w ere  cen tr ifu g ed  at 4 0 0 0  rpm for 5 m in , and an a liq u ot o f  the h exa n e  

w a s filtered  through N a 2S 0 4 an h yd rou s. E a ch  a liq u ot w a s  con cen trated  by  

f lo w in g  n itrogen  to a v ia l, and an a lysed  for fatty a c id s w ith  G . c  (m o d if ied  from  

A rtem ia  R eferen ce  C enter, 19 93 ).

Analysis o f po la r lip id  and non-po la r lip id

E xtraction  o f  lip id  w a s  carried out b y  the m ix tu re  o f  ch lo ro fro m / 

m eth an ol d escr ib ed  ab o v e . Part o f  cru d e lip id  w a s  d ilu ted  in  h ex a n e  to  ob ta in  a 

so lu tion  co n ta in in g  about 3 0  m g  o f  lip id  in  5 0 0  p i o f  so lv en t. A  so lv e n t  w as  

load ed  on to  the top o f  S ep -P a k  s ilica  cartid ge. A fter  c o m p le te  ad sorption  o f  the  

sam p le , a sy r in g e  con ta in in g  2 0  m l o f  ch lo ro form  w a s  c o n n e c te d  to  th e top  o f  

cartid ge. C h loroform  w a s  p u sh ed  through the cartid g e  and the fraction  

con ta in in g  th e n on -p o lar lip id  w a s  co lle c te d . M eth an o l (3 0  m l) w a s  u sed  for  

e lu tin g  p o lar  lip id . S o lu tio n s co n ta in in g  p olar lip id  and n o n -p o la r  lip id  w ere  

evap orated  at 4 0  c  until th ey  w ere  n early  dry. D ry  p olar lip id  w a s  d isso lv e d  in  

m eth an ol then  ester ifed . B oth  p olar and n on -p o la r  lip id  w er e  ester ified  as
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d escrib ed  a b o v e . T h en  th ey  w ere  a n a ly sed  for fatty ac id s w ith  G . c  as d escr ib ed  

b e lo w  (Juaneda and R o eq u e lin , 19 8 5 ).

G as C h rom atograp h y co n d itio n s

Instrum ent ะ G . c  H R G C  M E G A  2  ser ies ( F iso n  instrum ent, Ita ly)

D etecto r  ะ F la m e  io n iza tio n  d etector  (T em perature at 3 0 0  C )

Injector ะ s p l i t  20:1 (T em p erature at 2 5 0  C )

C o lu m n  ะ D B -W A X  3 0  m(|). ID  0 .2 5  mm<j). f ilm  th ick n ess 2 5  pm  

( J & w  sc ien tif ic , U S A )

O peration  co n d itio n s: T em p eratu re 1 8 0  c  for 4  m in
o 5 c /m in  o

18 0  c  ------- >  2 0 0  c  for 65  m in0 20 C/min 0
2 0 0  c  - - - - - >  2 2 0  c  for 15 m in

Carrier ga s : N 2 2  m l/m in

M a k e up g a s  : N 2 3 0  m l/m in

H yd rog en  : 3 0  m l/m in

A ir  : 3 0 0  m l/m in

P eak  in tegra tion  w a s  interpretted and ca lcu la ted  w ith  the C h rom  Card so ftw are  

v ersio n  2 .1  (F iso n  Instrum ent, Ita ly ) (A p p en d ix  B ).

Resistance to  osmotic stress o f p .  m o n o d o n

A fter  term in atin g  o f  th e feed in g  exp er im en ts, p. monodon  p ostlarv ae  

w ere  c h a llen g ed  to  o sm o tic  sh o ck  u sin g  a tech n iq u e  d escr ib ed  b y  R e e  e t  al. 

(1 9 9 4 ) . T h irty  p o stla rv a e  w er e  ran d om ly  sa m p led  from  ea ch  tank and  

transferred in to  a 2 -liter  con ta in er  filled  w ith  freshw ater. S u rv iva l w a s  m on itored
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at ev ery  10 m in u tes after ex p o s in g  the shrim ps to  fresh w ater . G ill o f  shrim ps  

w ere  u sed  as the in d icator o f  m ortality . T h e  dead  shrim p, g ill f ila m en ts  d id  not 

m o v e , w h ile  that o f  a liv e  o n es  w ere  still m o v in g . C u m u la tiv e  m orta lity  in d ex  

(C M I) w a s  ca lcu la ted  to  d eterm in e e ffe c t  o f  the treatm ented  d iets .

Q ua lity  o f rea ring  w ater

A m m o n ia , nitrate, nitrite, in  w ater w ere  d eterm in ed  w e e k ly  b y  u sin g  test 

k its (M erck , U S A ) . T em perature, sa lin ity  and p H  o f  sea w a ter  w er e  recorded  

during the exp er im en t p eriod .

Statis tica l analysis

W e ig h t and len g th  ga in s, fatty a c id s and su rv iva l rates o f  sh rim p s from  

ea ch  grou p  w er e  sta tistica lly  an a lysed  b y  the S tatistica l A n a ly s is  S y stem  (S A S ), 

u sin g  a n a ly sis  o f  va ria n ce  and D u n can  m u ltip le  ran ge test.
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