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PREFACE 

The Centr e o f  Advance d Studie s i n Maricultur e establishe d 

at  th e Centra l  Marin e Fisherie s Researc h Institut e ha s bee n 

conductin g '.Jorkshop s i n Researc h Methodologie s o n specialise d 

discipline s wit h a  vie w t o enhanc e th e competenc e o f  th e scienti ­

fi c  worker s specialisin g i n researche s connecte d wit h mariculture . 

The mai n emphasi s i n maricultur e researc h ha s bee n directe d 

toward s th e developmen t  o f  economicall y viabl e cultur e technique s 

fo r  culturabl e specie s o f  fis h an d shellfish ,  wit h a  vie w t o 

augmentin g th e fis h an d shellfis h productio n o f  th e country .  I n 

orde r  t o develo p low-cos t  technologie s th e essentia l  operationa l 

input s hav e t o b e rationall y utilized . 

+ 

I t  ha s bee n wel l  establishe d tha t  feedin g constitute s th e 

majo r  cos t  o f  production ,  ofte n exceedin g 5 0 pe r  cen t  o f  th e 
» 

operatin g cost s i n intensiv e aquacultur e operations .  Tw o mai n 
factor s affectin g th e cos t  o f  feedin g ar e compositio n o f  th e die t 

and efficienc y o f  fee d conversion .  I n orde r  t o develo p least -

cos t  formul a diet s o f  hig h conversio n efficiency ,  knowledg e o f 

th e nutritiona l  requirement s o f  th e differen t  specie s durin g th e 

differen t  phase s o f  th e lif e cycl e an d th e nutritiv e valu e o f  th e 

comple x fee d ingredient s availabl e i n th e countr y t o th e candidat e 

specie s i s a  prerequisite . 

The existin g informatio n o n th e nutritiona l  requirement s 

of  cultivate d specie s o f  fis h an d shellfis h i n India ,  i s  meagr e 

and recentl y researc h ha s bee n intensifie d i n thi s area .  I f 

researche s o n thi s fiel d coul d b e carrie d u t  usin g standardise d 

experimenta l  procedures ,  th e dat a obtaine d o n th e nutritiona l 

requirement s o t  th e differen t  specie s coul d b e store d i n a  fis h 

and shellfis h nutritio n dat a batik ,  fro m wher e dat a coul d b e 

disseminate d t o th e user s suc h a s fee d manufacturers ,  farmers , 

extensio n worker s an d researc h worker s a s an d whe n required . 

It .  i s  als o necessar y tha t  th e dat a collecte d o n th e chemica l 

compositio n o f  th e fee d ingredient s an d thei r  nutritiv e valu e 

to r  th e specie s shoul d b e base d u n standar d chemica l  method s 

and experimenta l  procedure s s o tha t  th e dat a coul d b e store d i n 
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th e dafc a bati k whic h eventuall y coul d becom e a  Nationa l  Fis h See d 
information .  yCentpe. .  i  ,  r 

.'i;. u .,To.iUBd?fftak e studie s o n th e abov e lines ,  especiall y b y th e 
technician s an d .researc h worker s enterin g afres h int o th e field / 
the,nee d o f  praptiqa l  guide s describin g th e researc h technique s 
and methods ,  plannin g o f  investigations ,  collectio n o f  dat a an d 
thei r  interpretatio n pee d no t  b e emphasized .  Keepin g thi s i n 
Y£»w<,.;the ,  .presen t  manual ,  o n Researc h Method s i n Fis h an d Shellfis h 
Nutritio n i s issue d b y th e centre<o f  Advance d studie s i n Mari -
cultur e o n th e occasio n o f  th e Worksho p o n Methodolog y o f  Fis h 
and Shellfis h Nutrition . 

Dr f  Aki o Kanajawa ,  Professo r  o f  Nutritiona l  Chemistry , 
Universit y o f  Kagpsh,inia t |  Japa n an d Consultan t  i n Fis h an d Shell ­
fis h Nutritio n a t  th e CA S i n Mariculture ,  ha s bee n kin d enoug h 
t o cooperat e wit h th e scientist s o f  CAS i n Maricultur e o f  th e 
Centra l  Marin e Fisherie s Researc h institut e i n th e preparatio n 
of  t£i » Bvanua,! .  Ther e ar e chapter s i n thi s manua l  coverin g 
variou s method s on ( compositio n analysi s o f  feeds ,  includin g 
growt h inhibitor s an d toxins ;  deterrainetlp n o f  digestibilit y 
coefficient ;  protei n evaluation ;  bioenergetics ;  determinatio n 
of  essentia l  amin o aci d requirement s usin g radioisotop e method ; 
research ,  tes t  diet s fo r  fishe s  an d prawns ;  fee d formulatio n 
methods ;  experimenta l  design ,  etc .  Method s o f  preparatio n o f 
mlcroparfciculat e diets ,  phytoplankto n an d zppplankto n cultur e 
methods ,  etc ,  ar e als o include d t o facilitat e larva l  nutritio n 
studies .  ,  Man y o f  th e method s give n i n th e manua l  hav e bee n 
standardize d fo r  fis h an d shellfis h nutritio n studie s i n Indi a 
and abroad .  ,  Th e user s ca n als o gai n maximu m benefi t  b y suitabl e 
modification s o f  other  method s whic h ar e give n a s guidelines . 

I  woul d lik e t o than k ai l  th e scientifi c  an d technica l 
staf f  especiall y Shr i  s .  Ahame d All ,  Dr .  K .  Alagarswami , 
Shr i  D.C.V .  Ea'sterson ,  Shr i  C.P. ,  Gopina^han ,  Shr i  T .  Jacob , 
Shr i  M.S .  Muthu,,Dr .  R .  Pau l  Raj ,  Dr .  A.G .  ponnia h an d 
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in:, p .  vedavyas a Ra o wh o hav e rendere d assistanc e durin g th e 
preparatio n o f  thi s manual .  Thank s ar e als o du e t o Shr i  Johnson , 
Libraria n an d shr i  Kambadkar ,  Technica l  Assistant ,  Centra l  Marin e 
Fisherie s Researc h institute ,  fo r  th e hel p rendere d bythtr a i n 
printin g thi s manual . 

(E.G .  Silas ) 
Director ,  C M P R I , 

Sub-Projec t  Coordinator , 
Centr e o f  Advance d studie s i n Maricultuc e 
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CHAPTER 1 

PROXIMAT%COMPOSITION ANALYSI S OF FEEDS* 

1 INTRODUCTION 

The chemica l  compositio n o f  th e fee d give s it s potentia l 
nutritiv e valu e an d hence ,  i n th e assessmen t  o f  qualit y o f  a 
fee d th e proximat e principle s ar e firs t  determined .  Th e Weende 
proximat e analysi s syste m fo r  analyzin g anima l  fee d include s th e 
determinatio n o f  moistur e (dr y matter )  ethe r  extrac t  (crud e fat ) 
crud e protein ,  ash ,  crud e fibr e an d nitroge n fre e extrac t  (NFE) . 

7, COLLECTING AND LABELLIN G SAMPLES FOR ANALYSI S 

The metho d use d t o collec t  sample s fo r  chemica l  analysi s 
affect s th e value s o f  th e parameter s obtained .  Th e ai m i s t o 
tak e a  sampl e o f  th e materia l  whic h represent s th e tota l  an d t o 
analys e i t  i n suc h a  wa y tha t  i t  represent s th e materia l  whic h i s 
consumed b y th e anima l  o r  t o sampl e othe r  materia l  whic h affect s 
th e objective s o f  th e experiment . 

Samplin g o f  bagge d ingredient s i s don e wit h a  spea r  probe . 
The prob e i s inserte d diagonall y an d a s horizontall y a s possible , 
fro m on e corne r  o f  th e ba g t o th e other .  I n lot s o f  1-1 0 bags , 
al l  bag s ar e sampled .  I n large r  lots ,  1 0 percen t  o f  al l  bag s ar e 
sampled .  Material s receive d i n bul k ar e sample d usin g a  scoop , 
accordin g t o th e siz e o f  th e consignment .  Fo r  smalle r  tha n 1 0 
tonne s consignments ,  tw o sample s pe r  tonn e ar e taken .  Large r 
consignments ,  u p t o 10 0 tonnes ,  requir e on e sampl e pe r  tonn e o r 
one sampl e fo r  ever y tw o tonne s dependin g o n th e siz e o f  th e 
consignment . 

oi l  cake s an d othe r  coars e material s ar e sample d b y rando m 

selectio n o f  piece s fro m differen t  part s o f  th e entir e consignment . 

*  prepared ,  b y R .  Pau l  Ra j  an d Sye d Ahamed'Ali ,  Centr e o f  Advance d 
Studie s i n Mariculture ,  Centra l  Marin e Fisherie s Researc h 
institute ,  cochin-18 . 



2. 1 Grindin g an d sub-samplin g 

Sample s take n I n th e abov e manne r  shoul d b e pooled , 
thoroughl y mixed ,  an d groun d t o pas s throug h 1  mm scree n i n Wile y 
Mil l  (larg e sample s ma y b e groun d throug h hammer  mil l  (3/8 "  screen) , 
sub sampled ,  regrbun d throug h 4  mm screen ,  su b sample d an d groun d 
%hrough 1  mm screen) .  Combin e al l  th e material s lef t  i n mill s 
Wit h th e groun d portio n befor e subsampling ;  tak e precaution s t o 
ni x groun d sample s wel l  befor e subsamplln g i n a  warin g blender . 

Plac e sampl e i n airtigh t  containers . 

I f  possibl e preserv e al l  sample s hig h i n moistur e conten t 
by freezing . 

2. 2 Metho d o f  submittin g sample s fo r  chemica l  analysi s 

At  th e tim e a  sampl e i s collected ,  a  ta g i s attached .  Th e 
pejreo a collectin g th e sampl e shoul d fil l  i n th e projec t  number , 
experimen t  number ,  dat e taken ,  a  brie f  descriptio n o f  th e sampl e 
and th e nam e o f  th e perso n doin g th e sampling . 

2«3 Laborator y sampl e number s 

At  th e tim e th e sampl e come s t o th e laboratory ,  i t  i s  give n 
a laborator y sampl e inumber . 

3 DETERMINATION O P DRV MATTER 

3. 1 Principl e 

The moiatur e o f  th e sampl e i s los t  b y volatilizatio n cause d 
by heat .  Th e amoun t  o f  materia l  lef t  afte r  the .  remova l  o f  th e 
moistur e i s th e dr y matter . 

3. 2 Apparatue t 

(a )  oven ,  105* C 
(b )  Covere d aluminiu m dishes ,  5 0 mm diamete r 
(c )  Dessicator s 



3. 3 Procedur e 

(a )  Wash th e dishe s wit h a  detergent .  Dr y th e dishe s I n 
105" c ove n overnight .  Plac e i n dessioator ,  cool ,  an d 
weigh .  Handl e dishe s wit h meta l  tongs . 

(b )  Weig h b y differen t  2. 0 g .  o f  sampl e Int o a  weighe d 
dish ,  plac e i t  I n 105* C ove n overnight .  Remov e 
dishes ,  pu t  cove r  o n to p an d plac e i n dessicato r  an d 
cool .  Remove fro m dessicato r  an d weig h a s quickl y a s 
possible . 

3. 4 Calculatio n 

Dr y matte r  (54 ) 

(Wt .  o f  dis h +  wt .  o f  drie d sample )  -  wt .  o f  dis h 
X 10 0 

X 10 0 

Wt.  o f  sampl e befor e dryin g 

m Wt .  o f  dr y sampl e X  10 0 

Wt.  o f  sampl e befor e dryin g 

Moistur e conten t  (% ) 

Wt.  o f  fres h sampl e -  wt .  o f  dr y sampl e 

Wt.  o f  fresh.sampl e 

4 DETERMIHATION O P AS H 

4. 1 Principl e 

The sampl e i s ignite d a t  600° C t o bur n of f  al l  organi c 
material .  Th e inorgani c materia l  whic h doe s no t  volatiliz e a t 
tha t  temperatur e i s calle d ash . 

4. 2 Apparatu s 

(a )  Muffl e furnac e 
(b )  Silic a crucible s 
(c )  Dessicator ,  wit h magnesiu m perchlorat e dessican t 
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4. 3 Procedur e 

(a )  plac e clea n crucible s i n a  muffl e furnac e a t  600" C 
fo r  on e hour .  Transfe r  crucible s fro m furnac e t o a 
dessicato r  an d coo l  t o roo m temperature .  Weig h a s 
quickl y a s possibl e t o preven t  moistur e absorption , 
use meta l  tong s t o mov e th e crucible s afte r  the y ar e 
ashe d o r  dried . 

(b )  Weig h b y differenc e 2. 0 g .  o f  sampl e int o tare d silic a 
crucibles .  Plac e i n a  muffl e furnac e an d hol d th e 
temperatur e a t  600* C fo r  6  h. 

(c )  Transfe r  th e crucible s t o a  dessicato r  an d coo l  t o 

roo m temperature .  When cool ,  weig h th e crucible s a s 

quicld y a s possibl e t o preven t  moistur e absorption . 

(d )  sav e th e as h sampl e i f  minera l  determination s ar e t o 
be made . 

4. 4 Calculatio n 

Ash (%)  o n partia l  dr y o r  a s fe d basi s 

Wt.  o f  as h 
-  X  10 0 

Wt.  o f  sampl e 

Adjustin g t o dr y basi s 

ash % o n a s fe d sampl e 
.  X  10 0 

dr y matte r  % o f  a s fe d sampl e 

5 ACI D SOLUBLE AND INSOLUBL E AS H 

5. 1 Apparatu s an d reagent s 

(a )  Hydrochlori c aci d (1-2. 5 v/v ) 
(b )  Filte r  paper ,  ashless ,  an d 
(c )  Dishes ,  porcelai n 



5. 2 Procedur e 

us e th e residu e obtaine d fro m th e as h determination .  Bol l 
wit h 2 5 ml  HC; # takin g car e t o avoi d spattering ,  filte r  throug h 
ashles s filte r  paper ,  an d was h wit h ho t  wate r  unti l  acid-free . 
Plac e filte r  pape r  an d residu e Int o a  dry ,  tare d porcelai n dis h 
and plac e I n a  muffl e furnac e a t  600* C fo r  2  h .  o r  unti l  carbon -
free . 

5. 3 Calculatio n 

Aci d Insolubl e as h (°/. ) 

wt .  o f  acid-treate d as h 
= — ,  X  10 0 

wt .  o f  sampl e 

6 DETERMINATION O F CRUDE FIBRE . 

6. 1 Principl e 

A moisture-fre e an d ethe r  extracte d sampl e I s digeste d 
firs t  wit h a  wea k aci d solution ,  the n a  wea k bas e solution .  Th e 
organi c residu e i s collecte d i n a  filte r  crucible .  Th e los s o f 
weigh t  o n ingitio n i s calle d crud e fibre . 
6. 2 Apparatu s 

(a )  Beakers ,  60 0 ml  tall-side d 
(b )  Round-botto m flas k condense r  uni t 
(c )  Buchne r  flasks ,  1  litr e 
(d )  Buchne r  funnels ,  Hartle y 3  sectio n patter n 
(e )  Crucibles ,  silic a wit h porou s base ,  an d 
(f )  Rubbe r  cone s t o fi t  above . 

6. 3 Reagent s 

(a )  Sulphuri c aci d solutio n (0.2 5 N ) 
(b )  Sodiu m hydroxid e solutio n (0.31 3 N ) 
(c )  Antifoa m reagen t  (Octy l  alcohol ) 
(d )  Ethy l  alcoho l 
(e )  Hydrochlori c acid ,  1% v/ v 
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6. 4 Procedur e 

Weigh abou t  2  g .  o f  th e dried ,  fat-fre e sampl e int o a 
600 ml  beaker .  Ad d 20 0 ml  o f  ho t  sulphuri c acid ,  plac e th e 
beake r  unde r  th e condenser ,  an d brin g t o boilin g withi n 1  min . 
Boi l  gentl y fo r  exactl y 3 0 min. ,  usin g distille d wate r  t o 
maintai n volum e an d t o was h dow n particle s adherin g t o th e 
sides ,  us e antifoa m i f  necessary .  Filte r  throug h Whatma n 
No.54 1 pape r  i n a  auchne r  funnel ,  usin g suction ,  an d was h wel l 
wit h boilin g water .  Transfe r  residu e bac k t o beake r  an d add . 
200 ml  ho t  sodiu m hydroxid e solution .  Replac e unde r  th e con ­
dense r  an d agai n brin g t o boilin g withi n 1  min .  Afte r  boilin g 
fo r  exactl y 3 0 min. ,  filte r  throug h porou s crucibl e an d was h 
wit h boilin g water ;  1% hydrochlori c aci d an d the n agai n wit h 
boilin g water .  Mas h twig e wit h alcoho l  o r  acetone ,  dr y over ­
nigh t  a t  100°C ,  cool ,  an d weigh .  As h a t  500° C fo r  3  h, ,  cool , 
and weigh .  Calculat e th e weigh t  o f  fibr e b y difference . 

6. 5 Calculatio n 

Crud e fibr e {% o f  fat-fre e DM) 

(Wt .  o f  crucibl e +  _  (fit .  o f  crucibl e + 
drie d residue )  ~  as h residue ) 

X 10 0 
(Vft .  o f  sample ) 

7 DETERMINATION OF CRUDE FA T 
(Soxhle t  Method ) 

7. 1 Principl e 

Ethe r  i s continuousl y volatilized ,  the n condense d an d 
allowe d t o pas s throug h th e sample ,  extractin g ethe r  solubl e 
materials .  Th e extrac t  i s  collecte d i n flask .  When th e proces s 
i s completed ,  th e ethe r  i s distille d an d collecte d i n anothe r 
containe r  an d th e remainin g crud e fa t  i s  drie d an d weighed . 

7. 2 Apparatu s an d reagent s 

(a )  Soxhle t  extractio n apparatu s 
(b )  Extractio n thimble s 
(c )  Petroleu m ethe r  (b.p .  40-60°C )  o r  ethy l  ethe r 
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7. 3 procedur e 

Weigh b y differenc e 2  t o 3  g .  o f  th e drie d sampl e (residu e 

fro m dr y matte r  determinatio n ca n b e used) .  Plac e th e thimbl e 

insid e th e soxhle t  apparatus .  Connec t  a  dr y pre-weighe d solven t 

flas k beneat h th e apparatu s and '  ad d th e require d quantit y o f 

solven t  an d connec t  t o condenser .  Adjus t  th e heatin g rat e t o 

giv e a  condensatio n rat e o f  2  t o 3  drop s an d extrac t  fo r  1 6 h. 

On completion ,  remov e th e thimbl e an d reclai m ethe r  usin g th e 

apparatus .  Complet e th e remova l  o f  ethe r  o n a  boilin g wate r  bat h 

and dr y flas k a t  105° C fo r  3 0 minutes .  Coo l  i n dessicato r  an d 

weigh . 

7. 4 Calculatio n 

Wt.  o f  fa t  10 0 
crud e fa t  (% o f  Dr y matter )  -  -  <•  X  — 

Wt.  o f  sampl e 1 

8 DETERMINATION O F FREE FATT Y ACID S 

8. 1 Apparatu s an d reagent s 

(a )  Ethy l  alcoho l 

(b )  Phenolphthalei n (15 4 solutio n i n alcohol ) 
(c )  Sodiu m hydroxid e (0.25N ) 
(d )  Stoppere d flasks ,  25 0 ml . 

8. 2 procedur e 

Weigh oi l  o r  fa t  int o a  stoppere d flas k an d ad d 5 0 ml . 
alcoho l  previousl y neutralise d b y addin g sufficien t  0.25 N sodiu m 
hydroxid e t o giv e fain t  pinkis h colou r  wit h phenolphthalei n 
( 2 ml. ) .  Titrat e wit h sodiu m hydroxid e an d vigorousl y shak e 
unti l  a  permanen t  fain t  pin k colou r  appears . 

8. 3 Calculatio n 

Fre e fatt y acid s % (a s olei c acid ) 

g. oi l  o r  fa t 
« •  »  X  volum e o f  0.25 N NaOH use d i n titratio n 

7,05 .  .  . 
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9 DETERMINATION O F CRUDE PROTEI N 

(Kjeldah l  Method ) 

9. 1 Apparatu s 

(a )  Macr o kjeldah l  digestio n an d distillatio n 

unit s o r  micr o kjeldah l  apparatu s 

(b )  Kjeldah l  flask s (50 0 ml .  capacit y o r  larger) ,  an d 

(c )  Conica l  flasks ,  25 0 ml . 

9. 2 Reagent s 

(a )  Sulphuri c aci d (98%) ,  nitroge n free , 

(b )  Potassiu m sulphate ,  reagen t  grade , 

(c )  Mercuri c oxide ,  reagen t  grade , 

(d )  paraffi n wax , 

(e )  Sodiu m hydroxide ,  40 % solutio n 

(f )  Sodiu m sulphide ,  4 % solutio n 

(g )  Pumic e chips , 

(h )  Bori c acid/indicato r  solution .  Ad d 5  m l  o f 

indicato r  solutio n (0.1 % methy l  re d an d 9.2 % 

bromocreso l  gree n i n alcohol )  t o 1  litr e 

saturate d bori c aci d solution , 

(1 )  Hydrochlori c aci d standar d solutio n (0.1N ) 

9. 3 Procedur e 

Accuratel y weig h 1  g .  o f  sampl e int o a  digestio n flask . 

Add 1 0 g .  potassiu m sulphate ,  0. 7 g .  mercuri c oxid e an d 2 0 ml 

sulphuri c acid .  Hea t  th e flas k gentl y a t  a n incline d angl e unti l 

frothin g subside s an d the n boi l  unti l  th e solutio n clears .  Con ­

tinu e boilin g fo r  a n additiona l  hal f  hour .  I f  th e frothin g i s 

excessive ,  a  smal l  amoun t  o f  paraffi n wa s may b e added . 

On cooling ,  ad d abou t  9 0 ml .  distille d water ,  reccol ,  ad d 

25 ml .  sulphid e solution ,  an d mix .  Ad d a  smal l  piec e o f  boilin g 

chi p t o preven t  bumpin g an d 8 0 ml .  o f  sodiu m hydroxid e solutio n 

whil e tiltin g th e flas k s o tha t  tw o layer s ar e formed .  Connec t 

rapidl y t o th e condense r  unit ,  heat ,  an d collec t  distille d 

ammonia i n 5 0 ml .  bori c acid/indicato r  solution .  Collec t  5 0 m l 

of  distillate ,  o n completio n o f  distillation ,  remov e th e receive r 

(was h condense r  tip )  an d titrat e agains t  standar d aci d solution . 
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9. 4 Ca lcu la t e 

Nitroge n conten t  o f  aampl e 1%) 

fad .  aci d x  normalit y o f  atendar d acid ) 
. -II ,1, , , . , , ..„,,)„. , ;„ „  i.rfrn , X 0 . 0 X 4 X 100 

wt. of aample (g) 

crude protein oontent (%) • nitrogen oontent X 6.25 

10 DE1TRMIHATI0 N OF WIJROOW fUES KXBttC T 
• " • - • • ' • • ' , 

JOfl Procedura 

Nitrogen fro *  extract (WR> of a food la determined by 
difference after  the analyaee nawa BOM ootapleted for  aeh, exuda 
flora , crude fat and crude protein. 

10.2 ffaicalat^n 

MTt (%) on dr y Jaaa*t 
m 100% - (% aah on dry baala + % crude fibr e on dry 

baala + % crude fat on dry baala * X protein 
on dry baala) 
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CHAPTER 2 

DETERMINATION OF GROSS ENERGY OF FEEDS* 

1 Principl e 

The amoun t  o f  heat ,  measure d i n calories ,  tha t  i s  release d 

when a  substanc e i s completel y oxidize d i n a  bom b calorimete r 

containin g 2 5 t o 3 0 atmosphere s o f  oxygen ,  i s calle d th e gros s 

energ y (GE )  o f  th e substance .  A  sampl e o f  th e materia l  t o b e 

teste d i s weighe d int o a  combustio n capsule .  Th e combustio n 

capsul e i s place d i n a n oxyge n bom b containin g 2 5 t o 3 0 atmos ­

phere s o f  oxygen .  Th e oxyge n bom b i s covere d wit h 200 0 g  o f 

wate r  i n a n adiabati c calorimeter .  Afte r  th e bom b an d calorimete r 

hav e bee n adjuste d t o th e sam e temperature ,  th e sampl e i s Ignite d 

wit h a  fus e wire .  Th e temperatur e ris e i s measure d unde r  adia ­

bati c conditions .  Fro m th e hydrotherma l  equivalen t  o f  th e 

calorimete r  th e temperatur e ris e minu s som e smal l  correction s fo r 

fus e wir e oxidatio n an d aci d production ,  th e calori c conten t  o f 

th e sampl e i s calculated . 

2 Apparatu s 

(a )  par r  oxyge n bom b calorimete r  an d accessorie s o r 

equivalen t 

(b )  Th e calorimete r  ma y b e equippe d wit h a n automati c 

temperatur e controller .  I f  th e temperatur e controlle r 

i s  o n th e calorimeter ;  i t  wil l  tak e les s labou r  t o ru n 

th e analysis ,  bu t  th e controlle r  i s  no t  necessar y t o 

obtai n accurat e results . 

(c )  Solutio n o r  tri p balanc e wit h capacit y t o 300 0 g  an d 

accurat e t o 0. 1 g . 

*  Prepare d b y R .  Pau l  Ra j  an d A.G .  Ponniah ,  Centr e o f  Advance d 
Ptuoie s i n Mariculture ,  Centra l  Marin e Fisherie s Researc h 
Tn :t. !  t-ute ,  Cochln-18 . 
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3 £2*2234 ! 

(a )  standar d sodiu m carbonat e solution ,  equivalen t  t o 
J.  cal/m l  (3.658 g Na 2 Co 3 pe r  litre ) 

(b )  Methy l  orang e indicato r 
(0 )  Benzoi c aci d combustio n tablet s o r  primar y standar d 

grad e crystal s 

4 Determinin g th e hydrotherma l  equivalen t  o f  th e bom b 

(a )  Determin e th e hydrothermal'equivalen t  o f  th e bomb , 
bucke t  an d wate r  b y determinin g th e temperatur e ris e 
usin g th e sam e procedur e a s outline d above ,  bu t  wit h a 
sampl e o f  know n calori c conten t  (benaoi c aci d combus ­
tio n tablet) .  Mak e a t  leas t  fou r  determination s an d 
us e th e averag e value ,  onc e thi s valu e i s determined , 
i t  shoul d no t  chang e unles s som e part s o f  th e bom b 
ar e replaced . 

(b )  Dr y th e benzoi c aci d a t  105* C overnight ,  coo l  i n 
dessicato r  an d weig h b y differenc e fro m a  covere d 
weighin g bottl e on e table t  o r  approximatel y a  l g 
sampl e o f  dr y calorifi c  standar d grad e benzol e aci d 
crystals .  Determin e th e temperatur e ris e fro m th e 
benzoi c aci d i n th e bom b a s wit h othe r  samples . 

Hydrotherma l  equivalen t  pe r  degre e (Cal ) 

wt .  o f  benzoi c Calorie s Lengt h Cal/c m 
aci d v  pe r  gra m o f  fus e v  fus e v  . 

x benzoi c  +  wir e x  wir e x ml N a 2 °° » 
aci d burne d 

(fina l  temp .  -  Initia l  temp. ) 

4. 1 Example t 

A 1.0622 g sampl e o f  benzoi c aci d ha d a  bea t  o f  combustio n 
of  631 9 ca l  pe r  g .  Th e correcte d Initia l  temperatur e o f  th e bom b 
waa 20.280' C an d th e fina l  correcte d temperatur e wa s 23.045'C . 
Ther e wer e 4. 8 c m o f  fus e wir e burne d wit h a  calori c valu e o f 
2. 3 ca l  pe r  cm .  Ther e wer e 7. 5 m l  o f  Na 2 Co3 titrate d (equivalen t 
t o 7. 5 cal) . 
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Hydrotherma l  equivalen t  calorie s pe r  degre e 

(1.062 2 X  6319 )  +  (4. 8 X  2,3 )  +  7. 5 
•  I , , ,  .  243 4 smal l  calorie s 

(23.04 5 -  20.280 ) 

5 procedur e 

(a )  Weig h b y differenc e approximatel y l.O g o f  sampl e an d 

plac e i n a  clean ,  empt y combustio n capsule .  Sample s 

may b e pelleted ,  bu t  thi s i s usuall y no t  necessary . 

(b )  Attac h a  1 0 c m lengt h o f  fus e wir e betwee n th e 
electrode s o f  th e bom b (oxygen)an d se t  th e combustio n 
capsul e wit h sampl e i n plac e i n th e loo p electrode . 
Adjus t  th e fus e wir e s o tha t  i t  touche s th e sample . 

(c )  Plac e abou t  1  ml  o f  wate r  i n th e bom b cylinde r  an d 

swir l  i t  aroun d t o we t  th e sides .  Thi s i s no t 

necessar y i f  th e bom b i s stil l  we t  fro m a  proceedin g 

determination . 

(d )  Assembl e th e bomb ,  tighte n th e scre w cap ,  clos e th e 

pressur e releas e valv e an d fil l  wit h oxyge n t o 2 5 

atmosphere s gaug e pressure .  Plac e th e bucke t  (oval ) 

i n th e calorimeter ,  se t  th e bom b i n th e bucket ,  an d 

attac h th e cli p terminal . 

(e )  Weig h 2000 g distille d wate r  o n th e solutio n o r  tri p 

balanc e (us e a  200 0 ml  volumetri c flas k t o hol d th e 

water )  an d carefull y pou r  int o th e calorimete r  bucket . 

The wate r  temperatur e mus t  b e withi n th e rang e o f  th e 

calorimete r  thermometers . 

(f )  Clos e th e cover ,  lowe r  th e thermomete r  an d star t  th e 

wate r  circulatin g motor .  Remove th e ca p fro m th e 

jacke t  cove r  an d fil l  th e cove r  wit h wate r  unti l  i t 

run s ou t  o f  th e drai n hose . 

v 

(g )  Adjus t  th e temperatur e o f  th e wate r  i n th e oute r 

jacke t  t o approximatel y equa l  tha t  o f  th e calorimete r 

by addin g ho t  o r  col d water ,  an d allo w on e minut e t o 
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M 
attai n equilibrium .  The n carefull y adjus t  th e 
temperatur e t o b e exactl y equa l  an d chec k th e ca^ori -  , 
mete r  teniperatur e a t  on e minut e interval s fo r  thre e 
minutes .  \ 

(h )  Rea d ari d recor d th e initia l  teniperatur e t o th e 
nearest .  0.0002 *  an d Ignit e th e sample .  Tur n i n ho t 
or  cold ,  wate r  t o kee p th e jacke t  temperatur e equivalen t 
t o th e calorimete r  temperature s durin g th e perio d o f 
rise . 

(1 )  Campar < 3  an d adjus t  th e teniperatur e o f  th e oute r 
jacke t  t o th e Inne r  bucke t  o f  th e calorimete r  tempera ­
ture  frequentl y an d carefull y t o insur e adiabati c 
conditio n o r  that 1 the 1 temperature s ar e equal .  Rea d 
and recor d th e fina l  temperatur e afte r  th e sam e 
temperatur e i s observe d i n thre e successiv e on e 
minut e intervals . 

(j )  Rais e th e thermometers .  Ope n th e calorimeter ,  tak e 
th e bom b fro m th e calorimete r  bucket ,  releas e th e 
residua l  pressur e o f  th e bom b an d open .  Carefull y 
remov e th e remainin g piece s o f  fus e wir e fro m th e 
electrodes ;  straighte n an d measur e th e combine d tota l 
lengt h i n centimeters .  Th e calorie s o f  wir e burne d 
ca n b e determine d wit h th e measurin g scal e tha t  i s 
supplie d witi j  th e wire . 

(k )  Rins e al l  inne r  bom b surface s wit h a  strea m o f 
neutra l  distille d wate r  an d collec t  al l  washing s i n 
a clea n beaker .  Titrat e th e washing s wit h th e standar d 
sodiu m carbonat e solutio n usin g methy l  orang e indicato r 
t o determin e th e amoun t  o f  aci d forme d fro m th e 
incidenta l  oxidatio n o f  nitroge n an d sulphu r  compounds . 
A correctio n i s mad e t o tak e care  o f  th e hea t  liberate d 
i n th e formatio n o f  th e acid .  : 

(1 )  Correc t  th e initia l  an d fina l  temperature s fro m th e 
calibratio n curv e supplie d wit h th e thermometer . 
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6 Calculation s 

•:,.i ate (oai/g )  o n a s fe d basi s 

fir,i l  temp.- 1 Hydrotherraa l  [Lengt h o f  Cal l 
Initia l  temp. I  equivalen t  o f  - fus e wir e X  perl -  Na , 

1 J  bom b (burne d cm l  ca-

l l ml 
r  - se2 

(weight of sample) 

6.1.1 Example 

A 1.021 4 g sampl e o f  fee d (a s fe d basis )  wa s used ,  th e 
initia l  temperatur e wa a 23.13' C an d th e fina l  temperatur e wa s 
zs.as'c .  Th e hydrotherma l  equivalen t  o f  th e boo b i s 241 2 ca l 
per  degre e C .  Ther e wa s 7. 0 c m o f  fus e wir e burne d wit h a 
correctio n o f  2. 3 ca l  pe r  c m o f  wir e an d 6. 0 ml  o f  Ma 2 Co 3 

titrate d (equivalen t  o f  6. 0 cal) . 

(25.2 5 -  23.13 )  241 2 -  (7. 0 X  2.3 )  -  6. 0 
GE (  -al/g )  =  -

1.021 4 g  sampl e o n a s fe d basi s 

= 380 4 cal/ g o r  380 4 K  cal/k g 

2 Adjustin g t o dr y basis ; 

GE(KcalAg )  o n a s fe d sampl e 
GE (Kcal/kg )  =» X  10 0 

dr y matte r  % o f  a s fe d sampl e 

Reference s 

i. Harris ,  L.E .  Nutritio n Researc h Technique s 
1 9 , 0 Volum e 1  Uta h Stat e University * 

Logan ,  Utah . 

2.  par r  instrumen t  oxyge n bom b calorlmetr y an d combustio n 
Company 196 6 methods .  Technica l  Manua l  Ho.130 . 

par r  instrumen t  Company ,  Hollas , 
Illinois . 



CHAPTER 3 

DETERMINATION OP MINERALS* 

1 INTRODUCTION 

Minera l  element s hav e a  grea t  diversit y o f  use s withi n th e 
anima l  body .  Th e prominenc e o f  eac h minera l  elemen t  i n bod y 
tissue s i s closel y relate d t o it s functiona l  role .  Calciu m an d 
phosphoru s ar e to o majo r  minera l  element s tha t  mus t  b e presen t  i n 
adequat e amount s i n th e feed s supplied .  Th e amoun t  o f  sodiu m 
chlorid e an d potassiu m i n certai n feed s shoul d als o b e ascertaine d 
t o scree n ou t  feed s fo r  feedin g fis h an d shellfish . 

2 DETERMINATION OF CALCIU M 

2. 1 Apparatu s 

(a )  Porcelai n dishe s 
(b )  Volumetri c flasks ,  25 0 ml 
(c )  Beakers ,  25 0 ml 
(d )  Quantitativ e filte r  pape r  an d funnels ,  an d 
(e )  Burett e 

2. 2 Reagent s 

(a )  Hydrochlcri c aci d (1- 3 v A ) 
(b )  Nitri c  aci d (7054 ) 
(c )  Ammoniu m hydroxid e (1- 1 v/v ) 
(d )  Methy l  re d indicato r  (dissolv e I g i n 20 0 ml  alcohol ) 
(e )  Ammoniu m oxalat e (4.2 % solution ) 
(f )  Sulphuri c aci d (98%) ,  an d 
(g )  standar d potassiu m permanganat e solutio n (0.0SN ) 

a 

2. 3 procedur e 

Weigh 2. 5 g  o f  finel y groun d materia l  int o a  porcelai n 
dis h an d as h a s abov e (alternativel y us e residu e fro m as h 

'*  Prepare d b y R.  Pau l  Ra j  an d Sye d Ahamed All ,  Centra l  Marin e 
Fisherie s Researc h institute ,  Cochin-18 . 
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determination) .  Ad d 4 0 ml  hydrochlori c aci d an d a  fe w drop s o f 

nitri c  aci d t o th e residue ,  boil ,  cool ,  an d transfe r  t o a  25 0 ml 

volumetri c flask .  Dilut e t o volum e an d mix . 

Pipett e a  suitabl e aliquo t  o f  th e solutio n (10 0 ml  fo r 
cerea l  feeds ,  2 5 ml  fo r  minera l  feeds )  int o a  beaker ,  dilut e t o 
100 ml  an d ad d 2  drop s o f  methy l  red .  Ad d ammoniu m hydroxid e on e 
dro p a t  a  tim e unti l  a  brownis h orang e colou r  i s obtained ,  the n 
add tw o drop s o f  hydrochlori c aci d t o giv e a  pin k colour .  Dilut e 
wit h 5 0 ml  water ,  boil ,  an d ad d whil e stirrin g 1 0 ml  o f  ho t  4. 2 
percen t  ammoniu m oxalat e solution .  Adjus t  th e p H wit h aci d t o 
brin g bac k pin k colou r  i f  necessary .  Allo w precipitat e t o settl e 
out ,  an d filter ,  washin g precipitat e wit h ammoniu m hydroxid e 
solutio n (1~5 0 v/v) .  Plac e th e filte r  pape r  wit h precipitat e bac k 
i n beake r  an d ad d a  mixtur e o f  12 5 ml  wate r  an d 5  ml  sulphuri c 
acid .  Hea t  t o 70* C an d titrat e agains t  th e standar d permanganat e 
solution . 

2. 4 Calculatio n 

Calciu m (%) 

ml  permanganat e solutio n aliquo t  use d (ml ) 
.  X  '  X  0. 1 

wt .  sampl e 25 0 

3 DETERMINATION OF PHOSPHORUS 

3. 1 Apparatu s 
(a )  Spectrophotomete r  t o rea d a t  40 0 ny i  an d 
(b )  Graduate d flasks ,  10 0 ml . 

3. 2 Reacent a 

(a )  Molybdovanadat e reagen t 

Dissolv e 4 0 g  ammoniu m molybdat e 4H 20 i n 40 0 ml 
hot  wate r  an d cool .  Dissolv e 2 g ammoniu m meta -
vanadat e i n 25 0 ml  ho t  water ,  cool ,  an d ad d 
450 ml  7 0 percen t  perchlori c acid .  Graduall y 
add th e molybdat e solutio n t o th e vanadat e 
solutio n wit h stirrin g an d dilut e t o 2  litres . 
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(b )  phosphoru s standard s 

Prepar e stoc k solutio n b y dissolvin g 8.788 g 

potassiu m dlhydrcje n orthophosphat e i n wate r 

and ma icin g u p t o 1  litre .  Prepar e th e workin g 

solutio n b y dilutin g th e stoc k 1  i n 2 0 (workin g 

concentrat e 0. 1 mgp/ml) . 

3. 3 procedur e 

Pipett e a n aliquo t  o f  th e sampl e solutio n prepare d a s fo r 
th e calciu m determinatio n int o a  10 0 ml  flas k an d ad d 2 0 ml  o f 
th e molybdovanadat e reagent .  Mak e u p th e volume ,  mix ,  an d le t 
stan d fo r  1 0 rain.  Transfe r  aliquot e o f  th e workin g standar d 
containin g 0.5 ,  0.8 ,  1. 0 an d 1. 5 mg phosphoru s t o 10 0 ml  flask s 
and trea t  a s above .  Rea d sampl e a t  40 0 IBAX settin g th e 0. 5 mg 
standar d a t  10 0 percen t  transmission .  Determin e mg phosphoru s 
i n eac h sampl e aliquo t  fro m a  standar d curve . 

4 DETERMINATION O P POTASSIUM 

4. 1 Apparatu s 

(a )  Silic a crucible s 

(b )  Flam e photomete r  an d 

(c )  Muffl e furnac e 

4. 2 Reagent s 

(a )  Hydrochlori c aci d (concentrated ) 

(b )  Potassiu m standar d 

To prepar e stoc k solutio n (50 0 pp m K ) , 
dissolv e 0.477 g potassiu m chlorid e (Analar ) 
and mak e u p t o 50 0 ml  wit h distille d water . 
To prepar e workin g standar d (1 0 ppm) ,  dilut e 
1:50 . 
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4. 3 Procedur e 

Dry 2 g o f  sampl e I n a  silic a crucibl e a t  100' C t o expe l 
moisture .  Ad d a  fe w drop s o f  pur e oliv e oi l  an d hea t  ove r  flam e 
unti l  swellin g stops .  As h a t  500" C I n muffl e furnac e fo r  2 4 h , 
cool ,  an d ad d 2  m l  concentrate d hydrochlori c aci d t o dissolv e 
th e residue .  Mak e u p t o 10 0 ml .  Tak e 1  ml  o f  thi s solutio n an d 
make a  furthe r  dilutio n t o 10 0 ml . 

Set  th e flam e photomete r  t o giv e a  readin g o f  10 0 wit h 

th e 1 0 pp m standard ,  an d the n rea d sampl e solution .  I f  th e 

sampl e readin g doe s no t  fal l  betwee n 5 0 an d 10 0 mak e a  fres h 

dilutio n t o giv e a n appropriat e reading . 

5 DETERMINATIO N OP SODIUM CHLORID E 

5. 1 Apparatu s 

(a )  Conica l  flask s 

(b )  Pipette s 
(c )  Burette s 

5. 2 Reagent s 

(a )  Standar d 0. 1 N  silve r  nitrat e solutio n 

(b )  Standar d 0. 1 N  ammoniu m thiocyanat e solutio n 

(c )  Ferri c indicato r  -  saturate d aqueou s solutio n 

of  ferri c aluminiu m 

(d )  Potassiu m permanganat e solutio n -  6 % w/ v 

(e )  Ure a solutio n -  5 % w/ v an d 

(f )  Aceton e (A.R .  grade ) 

5. 3 Procedur e 

Heig h 2 g sampl e int o a  25 0 ml  conica l  flask .  Moiste n 
sampl e wit h 2 0 ml  wate r  an d the n add ,  b y pipette ,  1 5 ml  0. 1 N 
silve r  nitrat e solutio n an d mi x well .  Ad d 2 0 ml  concentrate d 
nitri c  aci d an d 1 0 ml  potassiu m permanganat e solutio n an d mix . 
Heat  mixtur e continuousl y unti l  liqui d clear s an d nitrou s fume s 
ar e evolved ;  the n cool .  Ad d 1 0 ml  aceton e an d 5  ml  ferri c 
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indicator ,  an d bac k titrat e th e exces s silve r  nitrat e wit h th e 

0. 1 N  thiocyanat e solutio n t o th e re d brow n en d point . 

5. 4 Calculatio n 

Calculat e result s a s sodiu m chloride . 

;i  NaCl  = 
(15.0 0 -  ml  0. 1 N  NH4CNS X  0.585 ) 

g sampl e take n 
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CHAPTER 4 

DETERMINATION OF VITAMIN S I N FEEDS* 

1 INTRODUCTION 

The vitamins ,  thoug h require d i n smal l  amount s i n th e 
diet ,  pla y majo r  role s i n growth ,  physiolog y an d metabolis m o f 
th e animal .  Thei r  absenc e i n th e die t  cause s majo r  deficienc y 
syndromes .  Also ,  th e vitamin s shoul d b e presen t  i n optimu m 
level s i n th e diet ;  an y exces s i n certai n vitamin s i n th e die t 
cause s pathologica l  symptom s an d inhibi t  growth .  Therefore , 
th e determinatio n o f  th e amoun t  o f  differen t  vitamin s presen t 
i n th e die t  i s  ver y important . 

2 DETERMINATION OF VITAMI N A 

2 .1 Apparatus 

(a )  Saponificatio n flas k 
(b )  Reflu x condense r 
(c )  Wate r  bat h 
(d )  Separatin g funne l 
(e )  Spectrophotomete r  o r  colorimete r 

2. 2 Reagent s 

(a )  Chloroform : 

Wash 3  time s wit h a n equa l  volume s o f  water , 
dr y ove r  anhydrou s sodiu m sulfate ,  distill ,  an d 
stor e ove r  anhydrou s sodiu m sulfate . 

(b )  Antimon y Trichlorid e Solution : 

Weigh a n unopene d bottl e o f  antimon y chlorid e 
(25-3 0 g.) ,  ope n it ,  an d transfe r  t o a  glass -
stoppered ,  wide-mouthed ,  amber-coloure d bottl e 

*  Prepare d b y Sye d Ahamed Al i  an d R.  Pau l  Raj ,  centra l  Marin e 
Fisherie s Researc h institute ,  Cochin-18 .  an d Aki o Kanazawa , 
Professo r  o f  Nutritiona l  Chemistry ,  Universit y o f  Kagoshima , 
Japan . 
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containin g 10 0 ml .  o f  chloroform .  Rewelg h th e 
opene d bottl e an d obtai n weigh t  o f  antimon y 
trichlorid e adde d t o th e chlorofor m b y difference . 
Thi s solutio n shoul d b e filtere d i f  turbid . 

(c )  Alcoholi c Potassiu m Hydroxid e Solutio n (0. 5 M ) : 

Dissolve.abou t  33g ;  o f  potassiu m hydroxid e 
i n 2 0 ml .  o f  wate r  an d ad d sufficien t  alcoho l  t o 
make 100 0 ml .  o f  solution . 

(d )  Aqueou s Potassiu m Hydroxid e Solutio n (0. 5 M ) 

(e )  Diethy l  Ether :  ,  . . .< 

Freshly:distille d over'sodiu m hydroxid e pellets . 

(f )  Vitami n A  Standard : 

A chlorofor m solutio n containin g 10 0 U.S.P .  unit s 
-  o f  vitami n A  pe r  ml .  Thi s i s prepare d b y dissolvin g 

a Weighe d amoun t  o f  distille d vitami n A  ester s i n 
chloroform . 

2. 3 procedur e 

Heig h a n amoun t  o f  fa t  o r  oi l  containin g a t  leas t  5 0 U.S.P . 
Unit s int o a  saponificatio n flask ,  ad d th e alcoholi c potassiu m 
hydroxid e (1 0 ml;'/pe r  g. ;  o £ sample) ,  an d attac h t o a  reflu x conden ­
ser .  Hea t  o n a  wate r  bat h fo r  3 0 min .  Wash condense r  wit h ml . 
of  water .  Cool ,  dilut e wit h 50-10 0 ml. .  o f  .water ,  an d transfe r  t o 
a separator y funnel .  Extrac t  4  time s wit h 50-10 0 ml .  o f  ether . 
Combin e th e ethe r  extracts,  pou r  tw o 5 0 ml .  portion s o f  wate r 
throug h th e combine d ethe r  extract s an d discar d th e wate r  withou t 
shaking .  Wash th e ethe r  extrac t  wit h 5 0 ml .  o f  th e 0. 5 M aqueou s 
potassiu m hydroxide ,  shakin g gently .  Allo w t o separate ,  dra w of f 
aqueou s layer ,  an d discard .  Wash wit h 5 0 ml .  portion s o f  wate r 
unti l  fre e o f  alkali .  Allo w ethe r  extrac t  t o stan d 5  min. , 
discar d separate d water ,  filte r  throug h 30 5 g .  o f  anhydrou s sodiu m 
sulfate ,  place d o n filte r  pape r  i n a  funnel ,  int o a  25 0 ml .  flask . 
Rins e th e separator y funne l  wit h smal l  portion s o f  ethe r  an d ad d 
th e rinse s t o th e 25 0 ml .  flask .  Evaporat e th e ethe r  t o drynes s 
on a  wate r  bath ,  removin g th e flas k fro m direc t  hea t  towar d en d 
of  th e evaporatio n (viscou s oil y  residue) .  Tak e u p th e residu e 
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Immediatel y i n chloroform ,  adjustin g th e concentratio n t o 
5-1 5 U.S.p .  unit s pe r  ml . 

Transfe r  2  ml .  o f  chlorofor m t o a  colorimete r  tub e o r 
cuve t  an d ad d 9  ml .  o f  th e antimon y trichlorid e reagen t  wit h 
th e ai d o f  a  fas t  deliver y pipett e an d aer o th e instrumen t 
(Blank) .  T o anothe r  tub e o r  cuve t  containin g 1  ml .  o f  th e 
unknow n solutio n an d 1  ml .  o f  chlorofor m ar e adde d 9  ml .  o f 
th e antimon y trichlorid e solution .  Th e tub e i s Immediatel y 
stoppered ,  swirled ,  an d th e absorbanc e rea d wit h th e instrumen t 
set  a t  62 0 myu (A) .  Th e readin g shoul d b e mad e withi n 3- 6 sec . 
afte r  th e additio n o f  th e antimon y trichlorid e solution .  T o 
anothe r  tub e o r  cuvet ,  ad d 1  ml .  o f  th e unknow n solution ,  1  ml . 
of  a  know n vitami n A  solutio n i n chlorofor m approximatel y equa l 
i n concentratio n t o tha t  o f  th e unknown ,  an d trea t  a s abov e (B) . 

2. 4 Calculatio n 
A 

U.S.p .  unit s pe r  ml  •  — X  concentratio n o f  standar d 
unknown B" *  (U.S.P .  units/ml. ) 

fina l  volum e 
vitami n A/g .  sampl e -  U.S.P .  units/tal .  unknow n X  • 

sampl e weigh t 

I f  th e unknow n i s colored ,  a  blan k correctio n i s mad e b y 
measurin g th e absorbanc e a t  62 0 myu o f  1  ml .  o f  unknow n plu s 1 0 ml . 
of  chloroform . 

3 DETERMINATION O F THIAMIN E 

3. 1 Apparatu s 

(a )  Stea m bat h 
(b )  Incubato r  (45-50'C ) 
(c )  Glas s distillatio n apparatu s 
(d )  Buchne r  funne l 
(e )  R e frigerato r 
(f )  Thiochrom e tub e 
(g )  Fluoromete r 
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Then was h similarl y 3  time s wit h ho t  2 5 percen t 
potassiu m chlorid e solution .  Finall y was h th e 
zeolit e repeatedl y wit h water ,  filte r  o n a 
Buchne r  funne l  wit h th e .i d o f  suction ,  allo w 
t o dr y a t  100 r C,  an d bottle . 

)  Enzym e Solution : 

Prepar e a  fres h 6  percen t  aqueou s colutio n 
frc m a  suitabl e sourc e o f  enzyme .  Mylase.P , 
Polidase-S ,  claras«s ,  o r  Takadiasta"» e ar e generall y 

suitable . 

)  standar d Thiamin e Stoc k Solution : 

Transfe r  abou t  2 5 mg .  o f  U.b.P .  Thiami n 
Hydrochlorid e Referenc e Standard ,  previousl y 
drie d a t  105 "  fo r  2  hi .  an d accuratel y weighed , 
t o a  1000-ml .  volumetri c flask .  Dissolv e th e 
weighe d sample s i n 30 C ml .  o f  dilut e alcoho l 
solutio n ( 1 :  3 ) ,  adjuste d t o a  p H 3.5-4. 3 wit h 
dilute d hydrochlori c acid ,  an d dilut e t o volum e 
wit h th e acidifie d dilut e alcohol .  Stor e i n a 
ligh t  resistan t  bottl e i n a  refrigerato r  an d 
rene w eac h month . 

)  Standar d Thiamin e Solution : 

Pipett e a  volum e o f  rtar.dar d Thiamin e Stoc k 
Solution ,  equivalen t  t o 10 0 ug .  o f  U.S.P .  Thia ­
min e Hydrochlorid e Referenc e Standard ,  int o a 
100-inl .  volumetri c flask ,  an d dilut e wit h aci d 
potassiu m chlorid e solutio n t o volume .  Dilut e 
10 ml .  o f  thi s solutio n wit h aci d potassiu m 
chlorid e solutio n t o c . O ml .  Eac h ml .  o f  th e 
resultin g stanaar d preparatio n contain s 0.2/lg . 
of  thiamin e hydrochloride . 

)  Quinin e Sulfat e Stoc k Solution : 

Dissolv e 0.02 5 o f  quinin e sulfat e (C20 H24N2°2' 2 

H2 S O4 . 2 H 2 6 ,  i n sufficien t  0.0 5 M sulfuri c aci d t o 
make 25 0 ml .  Stor e i n a  dark-brow n bottl e a t  a 
temperatur e belo w 5° C 
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Reagent s 

(a )  Aci d Potassiu m Chlorid e Solution : 

Dissolv e 25 0 g .  o f  potassiu m chlorid e i n 

sufficien t  wate r  t o mak e 100 0 ml .  Ad d 8. 5 ml . 

of  concentrate d hydrochlori c aci d t o th e 100 0 mL 

of  potassiu m chlorid e solution . 

(b )  Sodiu m Hydroxid e Solution ,  1 5 percent : 

Dissolv e 1 5 g .  o f  sodiu m hydroxid e i n 
sufficien t  wate r  t o mak e 10 0 ml . 

(c )  Potassiu m Ferricyanid e solution ,  1  percent : 

Dissolv e 1  g .  o f  potassiu m ferricyanid e 

(K,Fe(CN) 6)  i n sufficien t  wate r  t o mak e 10 0 ml . 

Prepar e fres h o n th e da y o f  use . 

(d )  oxidizin g Reagent ; 

Dilut e 4. 0 ml .  o f  1  percen t  potassiu m 
ferricyanid e solutio n t o 10 0 ml .  wit h 1 5 percen t 
sodiu m hydroxid e solution .  Th e solutio n mus t  b e 
use d withi n 4  hr . 

(• )  Isobuty l  Alcohol : 

The fluorescenc e o f  th e isobuty l  alcoho l 

shoul d no t  excee d 1 0 percen t  o f  th e fluorescenc e 

of  th e quinin e standar d (below) .  Redistil l  i n a n 

all-glas s apparatu s an d collec t  th e fractio n 

boilin g i n th e rang e lOS'C-lOS'C . 

(f )  Sodiu m Acetat e Solution : 

Prepar e a  2  M solutio n o f  sodiu m acetat e b y 
dissolvin g 27 S g .  o f  H a C-H^O-.lHjO i n wate r  an d 
dilat e t o 100 0 ml . 

(g )  Activate d Zeolite : 

Plac e 100-50 0 g .  o f  6 0 t o 80-mes h zeolit e 
i n a  suitabl e beaker .  Sti r  continuousl y fo r 
15 min .  eac h wit h 4  portion s o f  ho t  3  percep t 
aceti c acid .  Th e aci d shoul d cove r  th e material . 
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% 
(1 )  Quinin e Sulfat e Standar d solution i 

Dilut e 1 0 ml .  o f  stoc k quinin e sulfat e 
solutio n t o 1  litr e wit h 0. 1 N  sulfuri c ncld . 
Thi s solutio n i s stabl e fo r  thre e month s i f 
store d i n a  brow n bottl e a t  a  temperatur e belo w 

' "  5°C . 

(m)  Bromocreso l  Gree n p H indicator : 

Dissolv e 10 0 mg .  o f  bromocreso l  gree n wit h 
7. 2 ml .  o f  0.0 5 M sodiu m hydroxid e an d dilut e 

wit h wate r  t o 20 0 ml . 

3.', ;  Procedur e 

3.4. 1 Preparatio n o f  th e Extract : 

Accuratel y weig h o r  pipett e int o a  flas k o f  suitabl e 
siz e a  sampl e estimate d t o contai n no t  mor e tha n 50/49 -
of  thiamine .  Ad d 6 5 ml .  o f  approximatel y 0.0 5 M sulfuri c -
aci d an d diges t  fo r  3 0 min .  a t  95"-100 °  o n a  stea m bath , 
wit h frequen t  mixing .  Coo l  th e extrac t  t o belo w 50* C 
and adjus t  p H t o 4.0-4. 5 wit h sodiu m acetat e solution . 
Add 5  ml .  o f  th e freshl y prepare d enzym e solution ,  mix , 
and incubat e a t  45"-50* C fei 2  hr .  Mak e u p t o 10 0 ml .  b y 
th e additio n o f  water ,  mi x thoroughly ,  an d filter .  Discar d 
th e firs t  1 0 ml .  o f  filtrat e an d Collec t  remainder . 

3.4. 2 Purification :  >• 

Plu g th e botto m o f  a n adsorptio n colum n (TJjiochrom e 
tube )  an d introduc e a n aqueou s suspensio n o f  activate d 
zeolit e t o giv e a  6-cra .  column .  Allo w th e wate r  t o drain , 
kee p a  smal l  laye r  o f  liqui d abov e surfac e o f  column , 
and pou r  i n 10 0 ml .  o f  3  percen t  aceti c acid .  Allo w t o 
drai n a s before .  * 

Transfe r  1 0 t o 5 0 ml .  o f  th e origina l  extract ,  con ­
tainin g abou t  5  jig .  o f  thiamine ,  t o th e prepare d chromato ­
graphi c tube .  Has h th e colum n wit h thre e 10-mi .  portion s 
of  boilin g ho t  wate r  an d discar d washings . 
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Eluat e th e thiamin e fro m th e zeolit e b y passin g throug h 
th e colum n ho t  aci d potassiu m chlorid e solution .  Collec t 
eluat e i n a  2 5 ml .  volumetri c flask .  'Ad d a  secon d 1 0 ml . 
aliquo t  whe n al l  o f  th e firs t  portio n ha s entere d th e 
colum n an d collec t  th e eluat e a s before .  Coo l  an d dilut e 
t o volum e wit h acid-potassiu m chlorid e solution .  Thi s i s 
th e "sampl e eluate" .  Repea t  wit h a n aliquo t  o f  th e standar d 
thiamin e solutio n usin g 5.0/ug .  o f  thiamin e i n plac e o f  th e 
unknown . 

. 3 Oxidatio n t o Thiochrome : 

I n thi s an d al l  subsequen t  stage s undu e exposur e o f 
th e solution s t o ligh t  mus t  b e avoided .  Pipett e 5  ml .  o f 
th e sampl e eluat e int o eac h o f  tw o reactio n vessels .  T o 
th e firs t  ad d quickl y wit h mixin g 5  ml .  o f  th e alkalin e 
potassiu m ferricyanid e solution ;  t o th e second ,  ad d 5  ml . 
of  1 5 percen t  sodiu m hydroxid e solution .  Ad d 2 5 ml .  o f 
wate r  saturate d isobuty l  alcoho l  an d shak e th e tube s 
vigorousl y fo r  1. 5 min .  Centrifug e th e tube s a t  lo w 
spee d unti l  clea r  suspernatan t  extrac t  ca n b e obtaine d 
fro m eac h tube .  Remove th e stoppers ,  drai n of f  th e lowe r 
layer ,  ad d approximatel y 2  g .  o f  anhydrou s sodiu m sulfat e 
t o eac h tube ,  an d shak e vigorousl y fo r  a  moment . 

Add 5  ml .  o f  th e standar d thiamin e solutio n int o 
eac h o f  tw o reactio n vessels .  Trea t  thes e tube s i n th e 
same manne r  a s directe d fo r  tube s containin g th e "sampl e 
eluate" . 

Caution : 

To avoi d change s i n experimenta l  condition s th e 
oxidatio n o f  al l  solution s use d i n a  give n assa y shoul d 
be carrie d ou t  i n immediat e succession .  Simila r  precaution s 
must  b e take n i n measuremen t  o f  thei r  fluorescence . 
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3,4« 4 tnioehrom e Fluorescenc e Measurement : 

Filte r  shoul d nav e a  narro w transmittano e range *  inpu t 
filte r  wit h maximu m abou t  36 5 myu .  an d outpu t  filte r  wit h 
maximum abou t  43 5 mp. us e th e quinin e sulfat e standar d 
solutio n t o gover n reproducibilit y o f  fluorometer .  Measur e 
fluorescenc e o f  th e isobuty l  alcoho l  extrac t  fro m th e 
oxidise d sampl e eluat e an d cal l  thi s readin g A .  Next , 
measur e fluorescenc e o f  th e extrac t  fro m sampl e eluat e 
whic h ha s bee n treate d wit h 5  ml .  o f  1 5 percen t  sodiu m 
hydroxid e solutio n an d cal l  thi s readin g b  (sampl e blank) . 
Measur e fluorescenc e o f  ttbe  extrac t  fro m th e oxidize d 
thiamin e standar d solutio n (3) .  Finally ,  measur e fluore ­
scenc e o f  th e extrac t  o f  th e thiamin e standar d solutio n 
whie h ha s bee n treate d wit h 5  ml .  o f  1 5 percen t  sodiu m 
hydroxid e an d cal l  thi s readin g d  (standar d blank) . 

3>*  £g2iai&sa & 

Microgram s o f  thiamin e hydrochlorid e i n m ( Ap. b)/( 8^ ) 
I  ml ,  sampl e eluat e 

4 DBTSBMIHATIOH O F RIBOFLAVI N 

This method i s applicable to whole-grain products, grits , 
meal, flaked and puffed cereals, and bread. 

4.1 |pga*(|tus 

(a )  Dessicato r 
(b )  Refrigerato r 
(0 )  Autoclav e 
(d )  Fluoxomete r 

<•*  WW*" 
(a )  sulfuri c Aci d solutio n (0.0 5 M ) 

(b )  Sodiu m Acetat e (2. 5 M ) : 

Dissolv e 34 0 g .  sodiu m acetat e trihydrat e an d 
dilut e t o 1  litre . 
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% 

(c )  Potassiu m Permanganate ,  4  percent : 

Prepar e fres h daily . 

(d )  Hydroge n peroxide ,  3  percent : 

Dilut e 3 0 percen t  hydroge n peroxid e 
(Superoxol )  1  :  1 0 wit h water . 

(e )  Riboflavi n Stoc k Solution s 

Riboflavi n Stoc k Solutio n I : 

Dry Riboflavi n Referenc e Standar d (U.S.p. )  ove r 
phosphoru s pentoxld e i n desslcato r  fo r  2 4 hr .  Dissolv e 
50 mg .  i n 0.0 2 M aceti c aci d i n a  SOO ml .  volumetri c 
flas k an d mak e u p t o volume .  Stor e unde r  toluen e 
i n a n ambe r  bottl e an d refrigerate .  1. 0 ml .  -  100 jag. 
riboflavin . 

Riboflavi n Stoc k Solutio n II : 

To 10 0 ml .  o f  Riboflavi n Stoc k Solutio n I  ad d 
0.0 2 M aceti c aci d solutio n t o mak e 1  litre .  Stor e 
unde r  toluen e i n ambe r  bottl e an d refrigerate . 
1. 0 ml .  •  1 0 ug .  riboflavin . 

Riboflavi n Stoc k Solutio n III : 

Dilut e 1 0 ml .  o f  Riboflavi n Stoc k Solutio n I I 
wit h wate r  t o mak e 10 0 ml .  1  ml .  »  1yug .  riboflavin . 
Prepar e fres h daily /  an d protec t  fro m light . 

4. 3 Procedur e 

Sodiu m Hydrosulfite : 

Accuratel y weig h a  sampl e int o a  10 0 ml .  volumetri c 

flask ,  usin g th e followin g plan : 

For  Sampl e Containin g (rag./lb. )  weigh t  o f  Sampl e (g )  ^ 

0. 0 -  0. 8 5 
0. 8 -  2. 0 4 
2. 0 -  4. 0 2 

Add 7 5 ml .  o f  0.0 5 M sulfuri c acid ,  mix ,  an d eithe r  * r 
autoclav e a t  1 5 lb .  fo r  3 0 rain,  o r  immers e flas k i n boilin g 
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wate r  fo r  3 0 min .  shak e flas k ever y 5  ain .  an d cool . 
Add 5  ml .  o f  2. 5 M sodiu m acetat e solution .  Mix .  Le t 
stan d fo r  1  hr .  Dilut e mixtur e t o volum e an d filte r 
throug h medium-fas t  pape r  suc h <a s Whatma n No. 2 o r  No. 4 
(o r  equivalent) ,  discardin g firs t  1 0 t o I S ml  o f  filtrate . 

To eac h o f  fou r  tes t  tube s an d 1 0 ml .  o f  sampl e 
solution .  T o eac h o f  tw o o f  thes e tuba s ad d 1  ml .  o f 
th e standar d riboflavi n solutio n an d 1  ml .  o f  wate r 
(Solutio n A ) .  T o eac h o f  th e tw o remainin g tube s ad d 
2 m l  o f  wate r  (Solutio n B) .  Mix .  T o eac h tub a add , 
wit h mixing ,  0. 5 ml .  o f  4. 0 percen t  potassiu m perman ­
ganat e solution .  Le t  stan d 2  min. ;  the n t o eac h tub e 
add ,  wit h mixing ,  0. 5 ml .  o f  3  percen t  hydroge n peroxid e 
solution .  Shak e afte r  addin g peroxid e t o th e solution. 

Adjus t  fluoromete r  s o tha t  glas s standar d o r  sodiu m 
fluorescei n solutio n give s suitabl e galvanomete r  deflec ­
tio n a s directe d fo r  th e instrument .  Determin e 
fluorescenc e o f  solution s A  an d B .  Measur e fluorescenc e 
wit h n o mor e tha n 1 0 sec .  o f  exposur e i n fluorometer . 
To dilutio n B  add ,  wit h mixing ,  2 0 mg .  sodiu m hydrosulfit e 
and determin e blan k fluorescence ,  C .  (D o no t  us e readin g 
C afte r  colloida l  sulfur '  begin s t o form). ' 

4. 4 calculatio n 

Riboflavin m g . / l b \ ™X1XZXQ,AU 

A- B S  V i 

wher e A  =  fluoromete r  readin g o f  sampl e plu s riboflavi n 
standard , 

B •  fluoromete r  readin g o f  sampl e plu s water , 

C »  fluoromete r  readin g afte r  additio n o f  sodiu m 
hydrosulfite , 

R a> standar d riboflavin , 

V »  origina l  volum e o f  sampl e solutio n i n ml. , 

Vi  =  volum e o f  sampl e solutio n take n fo r  measuremen t 
ml. ,  an d 

S a  sampl e weigh t  i n grains . 
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5 DETERMINATION OF VITAMI N C 

5. 1 A.O.A.C .  METHOD 

5.1.1.Apparatu s 

(a )  Dessicato r 

(b )  Refrigerato r 

(c )  Pulvarize r 

5.1. 2 Reagent s 

(a )  Metephoaphori c acid-aceti c aci d stabilizin g extractin g 

solution !  Dissolve ,  wit h shaking ,  1 5 g  glacia l  HP0 3 

pellet s o r  freshl y pulverize d stick,HPO 3 i n 4 0 ml 

aceti c aci d an d 20 0 ml  water ;  dilut e t o c a 50 0 ml  an d 

filte r  rapidl y throug h flute d pape r  int o glass -

stoppere d bottle ,  HPO,  slowl y change s t o H 3Po4,  bu t 

i f  store d i n a  refrigerato r  thi s solutio n remain s 

satisfactor y fo r  7-1 0 days . 

(b )  Ascorbi c aci d standar d solution i  Referenc e ascorbi c 
aci d shoul d b e kep t  cool ,  dry ,  an d ou t  o f  sunlight . 

(c )  indopheno l  standar d solution i  Dissolv e 5 0 mg 2. 6 

dlchloroindopheno l  N a sal t  (Eastma n No.3463) ,  tha t 

has bee n store d i n dessicato r  ove r  soda-lime ,  i n 

50 ml  H 20 t o whic h ha s bee n adde d 4 2 mg NaHC03;  shak e 

vigorously ,  an d whe n dy e dissolves ,  dilut e t o 20 0 ml 

wit h H 20.  Filte r  throug h flute d pape r  int o ambe r 

glass-stoppere d bottle .  Kee p stoppered ,  ou t  o f  direc t 

sunlight ,  an d stor e i n refrigerator .  Decompositio n 

product s tha t  mak e en d poin t  indistinc t  occu r  i n som e 

batche s o f  dr y indopheno l  an d als o develop s wit h tim e 

i n stoc k solution .  Ad d 5  ml  extractin g solutio n 

containin g exces s ascorbi c aci d t o 1 5 ml  dy e reagent . 

I f  reduce d solutio n i s no t  practicall y colorless , 

discard ,  an d prepar e ne w stoc k solution .  I f  dr y dy e 

i s a t  fault ,  obtai n ne w specimen . 
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weig h accuratel y (0. 1 mg )  C a 10 0 mg o f  th e 
referenc e standar d ascorbi c acid ,  transfe r  t o 10 0 ml 
glass-stoppere d volumetri c flask ,  an d dilut e mar k wit h 
th e H P O 3 - H O AC reagent .  Standardiz e indopheno l  solutio n 
at  onc e a s follows i  Transfe r  thre e 2. 0 m l  aliquot s o f 
th e ascorbi c aci d solutio n t o eac h o f  thre e 5 0 ml 
Erlenmeyer s flask s containin g 5. 0 m l  o f  th e HPO3-H0AC 
reagent .  Titrat e rapidl y wit h th e indopheno l  solutio n 
fro m 5 0 m l  burett e unti l  ligh t  bu t  distinc t  rose-pin k 
colou r  persist s a t  leas t  5  sec .  (Bac h titratio n shoul d 
requir e c a 1 5 ml  o f  th e indopheno l  solution ,  en d 
titration s shoul d chec k withi n (0. 1 ml) .  Similarl y 
titrat e 3  blank s compose d o f  7. 0 m l  o f  th e HP0 3-HO* C 

*•  reagen t  plu s volum e H, o c a equivalen t  t o volum e indo ­
pheno l  solutio n use d i n direc t  titrations .  Afte r 
substractin g averag e blank s (usuall y c a 0. 1 ml )  fro m 
standardizatio n titrations ,  calculat e an d expres s 
concentratio n o f  indopheno l  solutio n a s mg ascorbi c 
aci d equivalen t  t o 1. 0 m l  reagent .  Standardiz e 
indopheno l  solutio n dall y wit h freshl y prepare d 
standar d ascorbi c aci d solution . 

Preparatio n o f  sampl e an d determinatio n 

Prepar e a  juic e fro m sampl e a s follows t  Mi x thoroughl y - / 
by shakin g t o insu ^  unifor m sample ,  an d filte r  throug h 
absorben t  cotto n o r  rapi d paper .  Prepar e fres h juice s b y 
pressin g well-pulpe d frui t  an d filtering .  Expres s juic e 
of  citru s fruit s b y on e o f  common device s use d fo r  squeezin g 
orange s o r  lemons ,  an d filter .  Ad d aliquot s o f  a t  leas t 
100 ml  prepare d juic e t o equa l  volume s o f  th e HPOj-HOA C 
reagent .  Mix ,  an d filte r  rapidl y throug h rapi d folde d 
pape r  (Eaton-Dikema n No.195 ,  18. 5 cm ,  o r  equivalent) . 
Titrat e 1 0 ml  aliquots ,  an d mak e blan k determination s fo r 
correction s o f  titration s a s describe d previously ,  usin g 
prope r  volume s o f  aci d reagen t  an d H 2 0 .  Expres s ascorbi c 
aci d a s mg/10 0 ml  origina l  juice . 
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5 .2 ALTERNATE METHOD 

5.2. 1 Reagent s 

(a )  Oxali c Aci d Solution ,  0. 4 percen t 

(b )  Stoc k Ascorbi c Aci d Solution : 

Weigh accuratel y 10 0 mg .  o f  th e referenc e 
standar d ascorbi c acid ,  transfe r  t o a  100-ml . 
volumetri c flask ,  an d dilut e t o mar k wit h 0. 4 
percen t  oxali c aci d solution . 

(c )  Ascorbi c Aci d Standar d Solutions : 

Transfe r  5 ,  10 .  15 ,  20 ,  an d 2 5 ml .  o f  th e 
stoc k ascorbi c aci d solutio n t o eac h o f  a  serie s 
of  500-ml .  volumetri c flasks ,  an d dilut e t o th e 
mark wit h 0. 4 percen t  oxali c aci d solution .  Thes e 
solutions ,  numbere d 1  t o 5 ,  contai n 1 ,  2, 3 ,  4 , 
and 5  mg .  o f  ascorbi c aci d pe r  10 0 ml. ,  respectively . 

(d )  indopheno l  Standar d Solution : 

Dissolv e 1 2 mg .  o f  2,6-dlchlorophenolindo -
pheno l  i n war m water .  Filte r  an d dilut e t o 1  lite r 
wit h water . 

5.2. 2 Preparatio n o f  Standar d Curv e 

To fou r  colorimete r  tube s ad d th e following :  1 0 ml . 
wate r  (W) ;  1  ml .  o f  0. 4 percen t  oxali c aci d (No.l) ;  1  mg . 
of  workin g standar d No. l  plu s 9  ml .  o f  wate r  (S) ;  1  ml . 
of  workin g standar d No. l  (No.2) .  Transfe r  tub e W t o a 
colorimete r  se t  a t  52 0 ny u an d se t  instrumen t  a t  zer o 
on absorbanc e scale .  T o tub e marke d No. l  ad d 9  ml .  o f 
standar d dy e solution ,  mix ,  an d recor d readin g (14 ) 
exactl y 1 5 sec .  afte r  addin g th e dy e solution .  The n 
adjus t  th e instrumen t  t o zer o wit h tub e S  i n th e colori ­
meter .  T o tub e No. 2 ad d 9  ml .  o f  th e standar d dy e 
solution ,  mix ,  an d recor d readin g (L2 )  exactl y 1 5 sec . 
afte r  addin g th e dy e solution .  Trea t  eac h o f  th e 
standar d solution s i n th e sam e manne r  an d construc t 
standar d curv e b y plottin g absorbanc e o f  tota l  dy e 
minu s tha t  o f  th e standar d solution s (L j  -  L 2)  vs . 
concentration s o f  th e standar d solution s (mg./lO O ml. ) 



33 

5.2. 3 £saSB£s£ S 

Blen d S O g .  o f  sampl e fo r  3 0 rain,  i n a  warin g Blende r 
wit h 35 0 ml .  o f  0. 4 percen t  oxali c aci d solutio n an d 
filter .  Obtai n U  readin g a s describe d above .  T o tub e 
3 ad d 1  ml .  filtrat e plu s 9  ml .  wate r  an d adjus t  instru ­
ment  t o aero .  1 6 tub e Mo. 2 ad d 1  ml .  filtrat e plu s 9  ml . 
of  dy e an d recor d L j  readin g afte r  I S sec .  Calculat e 
L,  -  t ,  an d obtai n th e concentratio n o f  ascorbi c aci d 
fro m th e standar d curve . 
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CHAPTER- 5 

DETERMINATIO N OF GROWTH INHIBITOR S AND TOXINS* 

1 INTRODUCTION 

Certai n feedstuff s contai n natura l  toxin s that ;  a t  hig h 
enoug h levels ,  ar e growt h inhibitor s an d sometime s fata l  t o th e 
anima l  consumin g them .  Principa l  amon g thes e are :  (a )  Urease-a n 
enzyme foun d i n ra w soybea n whic h produce s toxicit y throug h th e 
hydrolysi s o f  ure a t o ammonia ;  (b )  gosaypol-a n endogenou s toxi n 
presen t  i n th e glan d o f  cottonsee d whic h persist s durin g produc ­
tio n o f  th e mea l  unles s remove d b y a  specia l  process ,  or ,  unless , 
th e cotto n see d i s a  glandles s variety ;  (c )  Isothiocyanates -
cyanogeni c glycoside s ar e foun d i n linsee d an d cassava ;  (d )  afla -
toxi n i s a  clas s o f  extremel y poten t  toxin s produce d b y th e moul d 
Aspergillu s flavus .  Aflatoxi n may b e presen t  i n an y material s 
produce d an d store d unde r  ho t  an d humi d condition s an d i s usuall y 
foun d i n groundnu t  cake ,  pal m cake ,  copr a cak e an d maize . 

2 DETERMINATION O P UREASE ACTIVIT Y I N SOYBEAN MEAL 

2. 1 Apparatu s 

(a )  Wate r  bat h a t  40°c ,  capabl e o f  maintainin g 

temperatur e withi n +  1°C ,  wit h shakin g device , 

(b )  Conica l  flasks ,  12 5 ml 
(c )  Volumetri c flasks ,  2 5 ml  an d 

(d )  spectrophotometer . 

2. 2 Reagent s 

(a )  Dimethylaminobenzaldehyd e solutio n (DMAB) : 

Dissolv e 16 g DMAB i n 1  litr e 95/ 4 ethy l  alcohol , 
and ad d 10 0 ml  concentrate d hydrochlori c aci d (stabl e 
fo r  on e month ) 

(b )  Pyrophosphat e buffer s 

Dissolv e 23.3 g Na^P-C-lOH- O i n approximatel y 
980 ml  distille d water .  Ad d 3  ml  o f  concentrate d 

*  Prepare d b y R .  Pau l  Ra j  an d Sye d Ahamed All ,  Centra l  Marin e 
Fisherie s Researc h Institute ,  Cochin-18 . 
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HC1 an d the n additiona l  HC1 unti l  th e p H o f  th e 
buffe r  i s 7. 7 -  7.8 .  Dilut e t o 1  litre . 

(c )  Buffere d ure a solution : 

Dissolv e 04 g ure a I n 1  litr e pyrophosphat e 
buffe r  (stabl e fo r  on e week) . 

(d )  Zin c acetat e solution : 

Dissolv e 22.0 g zin c acetat e 2H, 0 i n distille d 

water ,  ad d 3  m l  o f  glacia l  aceti c acid ,  an d dilut e 

t o 10 0 ml . 

(e )  Potassiu m ferrocyanid e solution : 

Dissolv e 10.6 g K 4Fe.(CN) 63H20 i n distille d 
water ,  an d dilut e t o 10 0 ml . 

(f )  Charcoa l 

2. 3 Procedur e 

Accuratel y weig h 1  g  o f  soybea n mea l  int o a  conica l  flas k 
and 5 0 ml  o f  th e buffere d ure a solution .  Incubat e i n wate r  bat h 
fo r  exactl y 3 0 mi n a t  40° C wit h shaking .  Remove fro m wate r 
bat h an d quickl y ad d 0. 5 ml  eac h o f  concentrate d HC1.  ferrocya ­
nid e solution ,  zin c acetat e solutio n an d 0.I g o f  charcoal . 
Shake fo r  1 5 min .  an d filter .  I f  th e filtrat e i s coloured , 
repea t  th e procedur e usin g mor e charcoal .  Pipett e 1 0 ml 
aliquot s o f  th e filtrat e an d th e DMAB solutio n int o a  2 5 ml 
volumetri c flas k an d mak e u p t o volum e wit h di  stille d water . 
Make u p als o a  reagen t  blan k (1 0 ml  DMAB mad e u p t o 2 5 ml  wit h 
water )  and- a ure a blan k (1 0 ml  buffere d ure a solutio n an d 1 0 ml 
DHAB mad e apt o 25ml  wit h water) .  Prepar e a  standar d curv e b y 
pipettin g aliquot s o f  buffere d ure a solutio n fro m 2  t o 1 2 ml 
int o 2 5 ml  volumetri c flasks ,  addin g 1 0 ml  o f  DMA3 an d mak e u p 
t o volume . 

Mi x flask s well ,  stan d i n wate r  bat h a t  25° C fo r  1 0 min . 

and the n rea d a t  43 0 m î .  Calculat e ureas e activit y a s mg/lltr e 

ure a i n ure a blan k les s mg/litr e ure a i n sample . 
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T O M L'POL IK COTTOMS^ D »:pj\J, 

1 Apparatu s 

(a ) 
(b ) 
(c ) 
(d ) 
(e ) 

Mechanica l  shake r 
Spectrophotomete r 
Conica l  flasks ,  25 0 ml  capacit y 
Volumetri c flasks ,  2 5 an d 25 0 ml  an d 
'.vate r  bat h (boiling ) 

2 Reagent s 

(a )  Aqueous ,  acetone ,  7  part s acetone ,  3  part s 
distille d wate r  (v/v ) 

(b )  Aqueou s aceton e -  anilin e solution: ' 

To 70 0 ml  acoton e an d 30 0 ml  distille d wate r 
add O. J ml  redistille d aniline ,  prepar e solutio n 
daily . 

(c )  Aqueou s isopropy l  alcoho l  solution :  8  part s 
isopropy l  alcohol ,  2  part s distille d wate r  (v/v ) 

(d )  Aniline : 

Distil l  reagen t  grad e anilin e ove r  a  smal l 
quantit y o f  zin c dust ,  discardin g th e firs t  an d 
las t  1 0 percen t  o f  th e distillate .  Stor e refrige ­
rate d i n a  brow n glas s stoppere d bottle .  Stabl e 
fo r  severa l  months . 

(e )  Standar d gogsypo l  solution : 

(i )  Dissolv e 2 5 mg o f  pur e gossypo l  i n aniline -
fre e acoton e an d transfe r  t o a  25 0 ml  volumetri c 
flas k usin g 10 0 ml  o f  acetone .  Ad d 7 5 ml  o f 
distille d water ,  dilut e t o volum e wit h acetone , 

and mix . 

(ii )  Tak e 5 0 ml  o f  solutio n (a )  ad d 10 0 ml  pur e 
acetone ,  6 0 ml  o f  distille d water ,  mix ,  an d dilut e 
t o 25 0 ml  wit h pur e acetone .  Solutio n (b )  contain s 
0.0 2 in g gossyool/m l  an d i s stabl e fo r  2 4 h  i n 
darkness . 



Grind B a m p l e ' t o ^ » ^ ^ * r ^ ^ ^ ^ ^ ^ ^ f - ' c d £ *>'--™"-
overheat, tt approximately^  ̂ * h e ~ * ^ £ **£"»>*  ^ ^ Z 
of pure acetone, stir  M P * ^ - " * * ^ * ' * " ^ ^ * ^ - - 1 ^ - "  •"• 
filtrat e into two. To one portion «»•»<*•••« 
hydroxide «*  neat in a water  bath for  a few minute.. A 
5 T S L - . extract which doe. hot change colour  « + - » * - > - - « 

nyLxTd . i — — ^ - r c T o Z e ^ S o S ^ * - * -
procedure (1) should be ueed. A ^ , ^ " ^ J ^ L ™ ^ ^ . cuô ,-« in o<: 
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as below ,  otherwis e repea t  th e analysi s usin g freshl y 
distille d anilino . 

Determin e th e ab3orbanc e o f  solutio n b ,  wit h th e 
reagen t  blan k se t  a t  0  absorbance .  Calculat e th e 
correcte d absorbanc e o f  th e sampl e aliquot :  th e 
correcte d absorbanc e i s th e absorbanc e o f  solutio n 0 
minu s th e absorbanc e o f  solutio n a .  Determin e th e 
mg o f  fre e oor;pypo l  presen t  i n th e sampl e solutio n 
usin g th e c .  -libratio n curv e (se e below) . 

3.3. 2 Procedur e (2 )  i 

Weigh I g o f  sampl e int o a  conica l  flask ,  an d ad d 
50 ml  aqueou s acetone ,  shake ,  an d filte r  a s above . 
Pipett e duplicat e allquot s o f  th e filtrat e (fro m 2  t o 
5 ml ,  dependin g o n expecte d fre e gossypo l  level )  int o 
25 ml  volumetri c flask .  Dilut e on e o f  th e allquot s 
t o volum e (solutio n a )  wit h aqueou s lsopropy l  alcoho l 
and leav e fo r  a t  leas t  3 0 mi n befor e readin g o n th e 
spectrophotometer .  Trea t  th e othe r  aliquo t  (solutio n b ) 
as i n procedur e (1) ,  determin e th e absorbance s o f 
solution s a  an d b  a s before ,  an d calculat e th e apparen t 
conten t  o f  gossypo l  i n bot h solution s a  an d b  b y usin g 
th e calibratio n curv e (se e below) . 

3.3. 3 Preparatio n o f  calibratio n curve : 

Pipett e duplicat e 1 ,  2 ,  3 ,  4 ,  5 ,  7 ,  a  an d 1 0 
allquot s o f  th e 0.0 2 mg/m l  gossypo l  standar d int o 2 5 ml 
volumetri c flasks .  Dilut e on e se t  (solutio n a )  t o 
volum e wit h aqueou s lsopropy l  alcoho l  an d determin e 
absorbance s a s previously .  T o th e othe r  se t  (solutio n 
b)  ad d 2  ml  o f  redistille d anilin e an d procee d a s 
previously .  Prepar e on e reagen t  blank ,  usin g 2  ml 
anilin e an d 1 0 ml  o f  aqueou s acetone ,  heate d togethe r 
wit h th e standards .  Determin e absorbance s a s i n 
procedur e (1 )  an d calculat e th e correcte d optica l 
densit y fo r  "ac n standar d solution : 
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Correcte d absorbanc e =  (absorbanc e solutio n b  -
absorbanc e solutio n a ) .  Plo t  th e standar d curve , 
plottin g correcte d absorbanc e agains t  gossypo l  con ­
centrat e i n th e 2 5 ml  volume . 

3. 4 Calculatio n 

Calculat e fre e gossypo l  percen t  i n norma l  meal s as : 

5G 
Fre e gossypo l  % »  — 

WV 

wher e 0  -  i s  th e grap h readin g 
W -  sampl e weigh t 
V -  aliquo t  volum e use d 

For  chemicall y treate d meals : 

5 ( B -  A ) 
Fre e gossypo l  % 

WV 

wher e A  -  rag  apparen t  fre e gossypo l  i n sampl e aliquo t  (a ) 
B -  mg apparen t  fre e gossypo l  i n sampl e aliquo t  (b ) 
w -  sampl e weigh t 
V -  aliquo t  volum e use d 

4 THIOGUJCOSIDE DETERMINATION 

The metho d describe d wil l  giv e approximat e thioglucosid e 
conten t  bu t  doe s no t  allo w th e individua l  thloglucoslde s an d 
isothiocyanate s t o b e determined . 

4. 1 Apparatu s an d Reagent s 

(a )  Bariu m chlorid e ( 5 4  solution ) 
(b )  volumetri c flasks ,  60 0 ml  an d 
(c )  Stea m bath . 

4. 2 procedur e 

To lO g mea l  (de-fatte d b y soxhle t  extraction )  ad d 
250 ml  distille d water ,  hydrolys e a t  54° C fo r  1  h  an d the n 
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boi l  fo r  2  h ,  keepin g volum e constant .  Filter ,  retainin g 
filtrate ,  an d was h residu e thre e time s wit h 5 0 ml  ho t  water . 
Add washing s t o initia l  filtrat e an d mak e u p volum e t o 60 0 ml . 
Precipitat e bariu m sulphat e b y heatin g an d addin g exces s 
bariu m chlorid e solution .  Leav e o n a  stea m bat h fo r  a  fe w 
hour s an d the n filter .  As h i n a  muffl e furnac e an d the n 
weig h precipitate . 

4. 3 Calculatio n 

Calculat e approximat e thioglucosid e conten t  as : 

% thioglucosid e 

(M.wt .  thioglucoside )  (Wt .  o f  B a SO, 
L x 10 0 

(M.  wt .  BaS0 4)  (Sampl e Wt. ) 

5 AFLATOXI N ANALYSI S 

A metho d o f  aflatoxi n analysi s i s outline d belo w whic h 
i s suitabl e fo r  material s suc h a s groundnu t  meal ,  coconu t  meal , 
and pal m kerne l  meal .  Fo r  ful l  detail s o f  th e method ,  an d fo r 
alternativ e procedure s referenc e shoul d b e mad e t o Method s o f 
Aflatoxi n Analysi s b y B.D .  Jone s (1972) . 

5. 1 Apparatu s 

(a )  Thi n laye r  chromatograph y plates ,  2 0 X  2 0 c m 

(b )  tr v lamp ,  pea k emissio n a t  36 5 n m 
(c )  Bottles ,  wide-mouthed ,  25 0 ml 
(d )  Micropipettes ,  an d 
(e )  Shakin g device . 

5. 2 Reagent s 

(a )  Chlorofor m (reagen t  grade ) 
(b )  Diethy l  ethe r  (reagen t  grade ) 
(c )  Chloroform/methano l  mixtur e (95/ 5 v/v ) 

(d )  "Celite" ,  diatomaceou s eart h 
(e )  Kieselge l  'G '  (Merck ) 



(£ )  ..ualltativ e standard : 

"lelp s t o distinguis h aflatoxi n spot s fro m 
othe r  fluorescen t  spot s whic h may b e present . 
A groundnu t  :.M 1 containin g aflatoxin s 2 , 
obtaine d £ra n tin.. .  Tropica l  Product s Institute , 
London ,  ca n o e u.3'* i  fo r  thi s purpose . 

5. 3 Procedur e 

Weigh 1 0 ml  o f  materia l  int o a  wid e mouthe d bottl e an d 
thoroughl y mi x i n 1 0 ml .  o f  water .  (I f  hig h fa t  materia l  i s 
used ,  a  prio r  Soxhl i  extractio n wit h petroleu m ethe r  wil l  b e 
necessary) .  Ad d .10 0 ml  o f  chloroform ,  stoppe r  wit h a  chloro ­
for m resistan t  bung ,  an d shak e fo r  3 0 min .  ; Filte r  th e extrac t 
throug h "Celite" ,  tak e 2 0 ml  o f  filtrat e an d maKe u p t o 2 5 ml 
(solutio n a) .  Tak e anothe r  ?J ;ii l  o f  filtrat e an d concentrat e 
t o 5  :.i l  'solutio n b ) . 

Prepar e t :  i n laye r  X'late s b y shakin g rcleselcje l  '0 * 
(10 0 g )  wit' -  ;ate r  (a:', 0 ml )  fo r  2 0 mi n an d appl y th e mixtur e 

t o ;  _late s wit h a  suitabl e apparatu s t o a  dept h o f  50 9 AX. 
L.:-1V 3 fo r  1  h ,  the n dr y a t  100°'": .  Spo t  1 0 an d 20/u J o f 
solutio n b ,  an d 5  an d iO/i l  o f  solutio n a  ont o a  plate , 
togethe r  wit h a  qualitativ e standar d spot ,  i n a  li.i o 2  o n 
fro m th e botto m o f  th e plat e an d a t  leas t  2  c m i n fro m eac h 
:side .  Carr y ou t  th e spo t  applicatio n i n subdue d light . 

Develo p th e jjlat e i n diethy l  et'nc-' -  to ,  a  heigh t  o f 
12 or. .  Allo w t o dr y i n aubdu-a d ligh t  the: ,  redevelo p th e 
plat o i n chlorofor m methano l  (95/5 ,  y/v )  -. o a  heigh t  o f  1 0 c m 
fro; i  th e hixt.'i.liivj.  i;xar.iinr a th e plat o .i n 3  dar k room ,  3 0 c m 
fro m th' i  " v source .  Th e prase-ne e o f  a  blu e fluorescen t  spo t 
at  ~ f  0. 5 t o 0.5 5 indicate s aflatoxi n . 3 (chec K tha t  th e 
standar d spo t  als o lip s i n thi s i.;ange)»:. :  Th e presenc e o f  a 
secon d spo t  a t  P.f i  C.i 5 t o 5  indicate s aflatoxi n <3 .  Th e 
toxicit y leve l  o f  a  sampl e ca n the n b e classifie d i n term s 
of ,  anatoxin' s j  fin d c, accor d i  ; J "t o Tabl e 1 .  ' 
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(yul ) 

5 yu l  (soln . 

10 A 1!  (soln . 

10^ 1 (soln . 

20/J l  (soln . 

1. 

3 

a) 

a) 

b) 

b) 

Toxicit y Level s fo r  Axlatoxin s 

Concentratio n o f  aflato;<in s 

(  /ug/kg ) 

No 

fluorescenc e 

4*100 0 

^  50 0 

.< .  .10 0 

< 5 0 

Wit h 

fluorescenc e 

>-100 0 

500 -  100 0 

100 -  50 0 

50 -  10 0 

3 an d o 

Toxicit y 

leve l  o f 
fluorescenc e 
observe d 

ver y hig h 

hig h 

mediu m 
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CHAPTER 6 

METHODS I N SUGAR ANALYSIS * 

1 DETERMINATION O F TOTAL SUGARS I N MOLASSES 

1. 1 Apparatu s 

(a )  Electri c heater ,  an d 
(b )  Conica l  flaska ,  30 0 ml . 

1. 2 Reagent s 

(a )  Fehling' s solutio n (Soxhle t  modification) i 

(I )  Dissolv e 34.63 9 g  o f  coppe r  sulphat e 5Hj O i n 
wate r  an d mak e u p t o 50 0 ml .  Filter ,  an d 

(II )  Dissolv e 173 g o f  potassiu m sodiu m tartrat e 
4H- 0 en d 50 g sodiu m hydroxid e i n water *  dilut e 
t o 50 0 ml .  stan d fo r  tw o days ,  an d filte r 
throug h prepare d asbestos . 

(b )  inver t  suga r  standards : 

Prepar e stoc k solutio n b y addin g 5  ml  o f 
hydrochlori c aci d (sp. g 1.18 )  t o 9.5 g o f  sucros e 
i n solutio n an d dilut e t o abou t  10 0 ml .  Afte r 
storin g fo r  tw o day s a t  roo m temperature ,  dilut e 
t o 1  litre .  Prepar e workin g solution s ( 5 mg/ml ) 
by pipettin g 10 0 ml  o f  th e stoc k solutio n int o a 
200 ml  volumetri c flask ,  an d neutralisin g wit h 
20 percen t  sodiu m hydroxid e usin g phenolphthalei n 
as th e indicator .  Dilut e t o mar k an d mix . 

(c )  Hydrochlori c aci d (sp .  g  1.18) ,  ^ 

(d )  Hydrochlori c aci d (0.5N) , 

(e )  Sodiu m hydroxid e (20%) / 

(f )  Phenolphthalei n indicato r  (X% solutio n i n alcohol) , 

(g )  Methylen e blu e Indicato r  (17, aqueou s solution) . 

*  Prepare d b y Aki o Kanazawa ,  Professo r  o f  Nutritiona l  Chemistry , 
Kagoshim a university ,  Japa n an d R .  Pau l  Raj ,  centra l  Marin e 
Fisherie s Researc h Institute ,  Cochin-18 . 

I 
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1.3 Procedur e 

Dissolv e 8 g o f  liqui d molasse s an d mak e u p t o 50 0 ml . 
Carr y ou t  a n aci d hydrolysi s o n 10 0 ml  o f  th e filtrat e b y addin g 
5 ml  o f  hydrochlori c aci d (sp .  g  1.18 )  an d alloi v t o stan d fo r 
24 h .  Neutralis e wit h sodiu m hydroxid e (2 0 percent )  usin g 
phenolphthalei n a s indicator /  an d the n dilut e t o 20 0 ml . 

1.3. 1 Standardisatio n o f  Soxhle t  solution : 

Pipett e 1 0 ml  o f  Soxhle t  solution s (i )  an d (ii )  int o 
a conica l  flask ,  mix ,  an d ad d 3 0 ml  o f  water .  Ad d fro m a 
burett e a  volum e o f  workin g standar d tha t  i s almos t 
sufficien t  t o reduc e th e coppe r  i n th e Soxhle t  solution . 
Brin g t o boilin g an d continu e boilin g fo r  tw o minutes . 
Add fou r  drop s o f  methylen e blu e an d rapidl y complet e 
th e titration ,  whil e stil l  boiling ,  unti l  a  brigh t  orang e 
colou r  i s resumed .  Repea t  severa l  time s an d determin e 
th e volum e o f  solutio n require d t o completel y reduc e 2 0 ml 
of  th e Soxhle t  solution . 

1.3. 2 Titratio n o f  sample : 

First ,  carr y ou t  a n approximat e titration :  Pipett e 
10 ml  o f  solution s (i )  an d (ii )  int o a  flas k an d ad d 1 0 ml 
aliquo t  o f  th e sampl e solution .  Ad d 4 0 ml  o f  wate r  an d 
brin g t o boil .  I f  blu e colou r  persists ,  titrat e wit h a 
standar d workin g solutio n an d calculat e th e approximat e 
suga r  conten t  o f  th e sample . 

To accuratel y determin e th e suga r  content ,  pipett e 
10 ml  -> f  Soxhle t  solutio n (i )  an d (ii )  int o a  flas k an d 
add a n aliquo t  o f  th e sampl e solution .  Th e volum e o f 
sampl e use d wil l  depen d o n th e suga r  conten t  o f  th e 
sampl e (se e Tabl e 1) . 
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:. ml H2O 

40 

35 

30 

23 

20 

ml sample 

10 

15 

20 

25 

30 

g sample In 

aliquot 

0.08 

0.12 

0.16 

0.20 

0.24 

• i w a u o n 

Total sugar 
as invert , % 

73 

82-58 

61-41 

49-35 -. 

4 1 - 29 •""• " 

Add wate r  a s Indicate d i n th e table ,  mi x an d 'Lu 

1> 3 Calculatin g 

Calculat e th e p o n t a g e suga r  (a s invert ,  b y th e f ^  ' 

% suga r  -  (F-M )  X  1  X  loo/ w •  -

wher e ,  -  i s th e volum e o f  standar d neede d t o reduc e ^ 
of  Soxhle t  solution .  .**«*•• -

« -  * *  th e volum e o f  standar d suga r  solutio n r e o ^ d 
t o complet e th e bac k titration .  '  ^ . W M 

w -  i s  th e weigh t  o f  sampl e l n a l i < w o t  ^ 

2 GAS-LI QUID CHROMATOGRAPHY <GUC) OF SUGARS 
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give n i n thi s Chapte r  ha s bee n routinel y use d fo r  th e GL C o f 
Sugar s a t  th e Universit y o f  Kagoshima . 

2. 1 Preparatio n o f  IM S derivative s 

TMS reagents : 

Anhydrou s pyridine ,  5. 0 ml 
(drie d ove r  KOH) 

Hexamethyldisilane ,  1. 0 ml 

(Koda k Eastman ) 

Trimethylchlorosilane ,  0. 5 ml 

(Koda k Eastman ) 

A mixtur e o f  th e abov e compounds ,  i n th e proportio n give n 
i s use d fo r  th e trimethylsllylatio n reaction .  Th e reagen t  shoul d 
not  b e mor e tha n slightl y turbi d a t  first ;  i f  i t  i s  ver y cloudy , 
th e pyridin e i s no t  sufficientl y dry .  Th e reagen t  mixtur e shoul d 
be stabl e fo r  a t  leas t  7  day s a t  roo m temperature ,  provide d 
moistur e i s carefull y excluded . 

2. 2 Procedur e 

Weigh a  know n amoun t  o f  suga r  (abou t  1 0 mg )  int o a 
plastic-stoppere d via l  an d ad d 1  ml  o f  th e abov e pyridineailane s 
mixture .  Th e mixtur e i s shake n a t  interval s unti l  th e suga r 
dissolve s completely .  OccasionalTy ,  difficult y may aris e fro m 
th e lo w solubilit y  o f  th e crystal-lin e form s o f  particula r  sugar s 
suc h a s sucros e an d trehalose .  Heatin g o f  th e mixtur e a t  70° C 
fo r  3- 4 min .  wa s foun d usefu l  i n dissolvin g thes e sugar s withou t 
interferin g wit h th e trimethylsllylatio n process .  Afte r  whic h 
th e mixtur e i s allowe d t o stan d fo r  a t  leas t  2 5 min .  a t  roo m 
temperatur e befor e injection s ar e mad e int o th e ga s chromatograph . 

2.2. 1 Analysi s o f  monosaccharide s an d disaccharides : 

Standar d Sugars :  Th e standar d sugar s purchase d fro m 
Applie d Scienc e Laboratories ,  Stat e Colleg e Penna ,  U.S.A . 
can i.»: -  used . 



47 

2.2.1. 1 Qualitativ e analysis : 

Gas liqui d chromatograph y i s carrie d ou t  unde r  th e 
condition s a s show n i n Tabl e 2  usin g tw o type s o f 
colum n packing . 

Tabl e Z. Condition s use d i n ga s liqui d chromatograph y 

Instrumen t  Shlmadz u ga s chromatograp h GC-4B P 

Column Stainles s steel ,  3  mm i.d .  x  3  m lon g 

Column temp .  Program m temp .  14 0 -  260°C ,  rat e 4°C/mi n 

Injectio n temp .  230° C 

Detectio n temp .  290° C 

Carrie r  ga s Nitroge n 4 4 ml/mi n 

Detecto r  FI D 

Column packin g 1.5 % SS-3 0 o r  1.5 % OV-1 7 (Shlmalite ) 

Tabl e 3  an d 4  sho w th e retentio n time s o f  standar d 
sugars .  Th e examine d referenc e sugar s ar e wel l  separate d 
eac h othe r  b y GIJ C o n 1.5'; *  ov-17 .  Th e separatio n o f 
maltos e an d .trehalos e i s no t  achieve d b y OL C o n 1.55 4 
SE-30 ,  however ,  thi s packin g ha s th e advantag e tha t  th e 
contaminan t  amin o aci d 'd o no t  interfer e i n th e analysi s 
of  sugars .  Some sample s o f  sugar s sho w mor e tha n on e 
peak owin g t o th e presenc e o f  variou s forms . 

2.2.1. 2 Quantitativ e analysis : 

sorbos e i s u3e d a s a n interna l  standar d fo r 
quantitativ e analysi s o f  sugars .  Fo r  calibratio n wit h 
an interna l  standard ,  injection s ar e carrie d ou t  wit h 
varying ,  amount s o f  a  standar d solutio n o f  suga r  an d th e 
sorbose .  Sinc e th e relativ e response s (pea k areas )  o f 
uni t  weigh t  o f  sugar s varie s wit h th e type s o f  sugars , 
a standar d curv e i s mad e fo r  eac h suga r  (se e Fig.) . 
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Tabl e 3 .  Relativ e Retentio n Time s (RRT )  o f  standar d 

suga r  derivative s 

(  SE-30 ,  Program m Temp .  10 0 260°C ,  rat e 4°C/min .  ) 

Retentio n Tim e 

D-Rlbose 

' D-Fucose 

D-xylose 

D-Fructose 

D-Mannose 

D-Sorbose ( I .S .) 

oC-D-Galactose 

eC-D-olucose 

y9 -D-Gluoose 

N-Acetyl-D-glucosamine 

Sucrose 

D-Maltose 

D-Trehalose 

13.00 

13.40 

14.00 

17.00 

17.30 

17.90 

18.20 

18.60 

21.00 

23.00 

34.10 

35.00 
36.2 

35.00 

0.699 

0.720 

0.753 

0.914 

0.930 

0.962 

0.978 

1.00 

1.129 

1.236 

1.833 

1.832 
1.946 

1.832 

*  Relativ e toeC-D-Glucos e (18. 6 minutes ) 

* *  Two anomer s 
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Tabl e 4. Re la t i ve Retent ion Times (RRT) Of standard 

sugar  d e r i v a t i v es 

( ov-17, Prograram Temp. 140-*260*C, ra t e 4°q/min ) 

Retent ion Time 

l>-Ribose 

E>-Fucose 

D-xyloae 

I > Fructose 

D-Hannose 

o-Sorbose ( I . s . ) 

ctf-D-Galactose 

cf-D-Glucose 

^-D-Glucose 

N-Acetyl-D-glucosamine 

Sucrose 

D-Maltose 

D-Trehalose 

10.58 . 

11.07 

12.00 

13.75 

14.00 

15.40 

15.60 

16.40 

i a . 05 

22.50 

31.40 

33.20 

33.90 

34.50 

0,645 

0.675 

0.732 

0.838 

0 .853 

0.939 

0,951 

1.000 

1.100 

1.372 

1.914 

2.024 

2.067 

2.103 

*  Re la t ive t o ^"--j-Glucos e (16 .4 minute?)' 

* *  Two anomers. 
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Fig .  Relatio n betwee n th e amoun t  o f  sugar » Injecte d an d thei r 
are a o n th e chromatograms . 

v «  ~2yOt_2f_suga^_1nj_ec^ed_1n_GL C 
Amount  o f  interna l  standar d (Sorbose )  injecte d 

v .  Area_of_the_sugar_on_the_chromatogrgm _ 
Are a o f  interna l  standar d (Sorbose )  injecte d 
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2.2. 2 Haemolymp h sugars : 

Haemolymph sample s ar e take n b y bleedin g fro m a  cu t 
near  th e en d o f  th e uropo d int o a  calibrate d tube .  Durin g 
samplin g th e praw n i s hel d softl y  wit h th e finger s t o 
preven t  it s struggling .  Haemolymp h sampl e ( 2 ml )  i s 
deproteinize d immediatel y wit h somogy i  reagen t  ( 5 ml  o f  2% 
ZnS04.7H 20 an d the n 5  ml  o f  1.8 % Ba(OH) 2.BH 20) ,  dilute d t o 
20 m l  wit h water ,  an d the n pentrifuge d a t  300 0 r.p.m .  fo r 
15 min .  Th e supernatan t  i s remove d an d th e precipitat e i s 
washed agai n wit h 2 0 m l  o f  water .  Th e combine d supernatan t 
i s the n concentrate d t o smal l  volume ,  passe d throug h ion -
exchang e colum n (MB- 3 resin )  an d th e effluen t  concentrate d 
t o drynes s wit h rotar y evaporator .  Trimethylslly l  reagen t 
i s the n added ,  an d th e sampl e i s treate d a s describe d above . 

2.2. 3 Muscl e sugars ; 

Muscl e i s homogenize d (1800 0 r.p.m .  a t  0*C )  wit h 1 9 
volume s o f  chloroform-methano l  (2:1 ,  v/v )  t o extrac t  lipids , 
th e lipid s ar e the n washe d accordin g t o th e metho d o f 
jPolc h e t  4j .  (1957) .  Th e fat-fre e residu e thu s obtaine d 
i s suspende d i n wate r  overnigh t  a t  4°C ,  an d the n th e sus ­
pensio n i s filtered .  Th e filtrat e i s combine d wit h th e 
aqueou s washe s o f  th e lipi d fractio n an d concentrate d t o a 
smalle r  volume .  Th e aqueou s sampl e i s passe d throug h io n 
exchang e colum n (MB- 3 resin )  an d th e effluen t  i s concentra ­
te d t o dryness .  Th e dry"sampl e i s trimethylsllylate d a s 
describe d above . 

3 REFERENCES 

1.  Chow ,  K.w .  Qualit y contro l  i n fis h fee d manufactur ­
ing .  I n Fis h fee d Technology ,  Aquacultur e 
Developmen t  an d Coordinatio n Programme , 
FAO/Rep/80/1 1 p .  369-385 . 

2.  Manua l  Boo k o f  Experiment s i n Laborator y o f  Fisherie s -
Chemistry ,  Universit y of ,  Kagoshima ,  Japan .  1980-81 . 



CHAPTER 7 

METHODS I N LIPI D ANALYSI S 

1 TOTAL LIPI D EXTRACTION AN D PURIFICATIO N 

(Bllg h an d Dye r  method ) 

1. 1 Apparatu s 

(a )  Tissu e homogenize r  o r  warin g Blende r 

(b )  Buchne r  filtratio n apparatu s 

(o )  Separatin g funne l 

(d )  Rotar y evaporato r 

1. 2 Reagent s 

(a )  Chlorofor m 

(b )  Methano l 

1. 3 Procedur e 

To 10 0 g  fis h muscl e (moisture ,  abou t  30%) ,  ad d 10 0 ml 

CHC1,  an d 20 0 ml  methano l  an d homogeniz e wit h a  warin g blende r 

fo r  2  mln .  Furthe r  homogeniz e fo r  3 0 sec .  afte r  addin g 10 0 m l 

CHC1-,  an d the n agai n homogeniz e fo r  3 0 sec .  afte r  addin g 10 0 m l 

water .  Filte r  th e homogenat e wit h a  Buchne r  filtratio n apparatus , 

and the n transfe r  th e filtrat e int o separating ,  funnel .  Evaporat e 

chlorofor m unde r  reduce d pressur e b y usin g a  rotar y evaporator . 

The chlorofor m extrac t  s o obtaine d i s correspondin g t o tota l 

lipids .  Repor t  % lipid s o f  fres h matter . 

2 FREE FATT Y ACI D I N CRUDE AND REFINE D OIL S 

(Nationa l  Cottonsee d Product s Associatio n Method ) 

2. 1 Apparatu s 

(a )  Conica l  flask ,  25 0 ml  an d 15 0 ml 

(b )  Burette s 

(c )  Wate r  bat h 

*  Prepare d b y Aki o Kanazawa ,  Professo r  o f  Nutritiona l  Chemistry , 
Kagoshlm a University ,  Japan . 
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2. 2 Reagent s 

(a )  Alcoho l 

(b )  Phenolphthalel n 

(c )  Sodiu m hydroxid e 

2. 3 Procedur e 

2.3. 1 I n crud e oils : 

weig h 7.05 g wel l  mixe d oi l  int o 25 0 ml  flask .  Ad d 
50 ml  alcohol ,  previousl y neutralize d b y addin g 2  ml 
phenolphthalel n solutio n an d enoug h 0. 1 N  .NaO H t o produc e 
fain t  permanen t  pink .  Titrat e wit h 0.2 5 N  NaOH wit h 
vigorou s shakin g unti l  permanen t  fain t  pin k appear s an d 
persist s a t  leas t  1  min .  Repor t  a s % fre e fatt y acid s 
expresse d a s olei c acid .  One ml  o f  0.2 5 N  NaOH use d i n 
titratio n correspond s t o thi s percentage . 

2.3. 2 i n refine d oils : 

Put  c a 5 0 ml  alcoho l  i n clean ,  dr y 15 0 ml  flas k an d ad d 
fe w drop s o f  th e oi l  an d 2  ml  phenolphthaleln .  Plac e flas k 
i n H, 0 a t  60-65° C unti l  warm ,  an d ad d enoug h 0. 1 N  NaOH t o 
produc e fain t  permanen t  pink .  Weig h 56, 4 g  oi l  int o th e 
neutralize d alcoho l  an d titrate ,  occasionall y warmin g an d 
violentl y shakin g mixtur e unti l  sam e fain t  permanen t  pin k 
appear s i n supernatan t  alcohol .  Multipl y ml  0. 1 N  NaOH b y 
0.0 5 an d repor t  a s % fre e fatt y acid s expresse d a s olei c 
acid . 

3 SEPARATION OF LIPID S B Y THIN-LAYE R CHROMATOGRAPHY 

3. 1 Apparatu s 

(a )  Thi n laye r  chromatograph y se t 
(b )  Ove n 
(c )  Dessicato r 

3. 2 Reagent s 

(a )  Silic a Ge l  'G '  (Merck ) 
(b )  Calciu m chlorid e 
(c )  Petroleu m ethe r 
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(d )  Sulphuri c aci d 
(e )  Ethano l 
4(f )  Aceti c aci d 

3. 2 Procedur e 

3.3. 1 Preparatio n o f  TLC-Plate : 

Fiv e glas s plate s (2 0 X  2 0 cm )  ar e coate d t o a 
thicknes s o f  0.2 5 mm wit h a  slurr y o f  3 0 g  o f  silic a ge l 
G (Merc k etc. )  i n 6 0 ml  o f  distille d water ,  air-drie d 
fo r  1 5 min .  an d activate d i n a  ove n fo r  4 0 min.a t  110°C . 
The coate d plate s ar e store d i n a  dessicato r  ove r  anhy ­
drou s calciu m chloride . 

3.3. 2 Spottin g an d development : 

Sample (tota l  lipid s fro m marin e animals) ,  16-50/u g 
i n chloroform-methano l  ( 2 :  1) ,  i s  applie d about ,  1. 5 <a n 
fro m th e botto m o f  th e plate ,  an d th e plat e i s place d i n 
an chromatographi c tar k containin g th e solvehts;petroleu m 
ether-ethanol-^ceti c aci d (87. 5 :  12. 5 :  1) .  Th e solven t 
fron t  i s  allowe d t o ris e 1 5 c m fro m th e origin . 

3.3.3 1 Detectio n o f  spots : 

The spot s ar e visualise d b y sprayin g wit h 50 % 
sulfuri c aci d o r  iodin e vapou r 

fron t origin 

a,  hydrocarbons ;  b ,  stery l  ester s +  waxester ;  c ,  glycery l 
ether ;  d ,  triglycerides ;  e ,  fre e fatt y acids ;  f ,  fatt y 
alcohols ;  g ,  sterols ;  h  an d i ,  triglyceride s an d monogly -
cerides ;  j ,  phospholipids . 
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4 GAS LIQUI D CHROMATOGRAPHY O F FATT Y ACID S AND STEROLS 

4. 1 Apparatu s 

Gas-chroraatographi c uni t  wit h a  hydroge n flam e ionizatio n 
detecto r 

4. 2 Reagent s 

Referenc e compound s an d othe r  chemical s 

4. 3 Sampl e 

Cod live r  oi l  o r  short-necke d cla m lipid s 

4. 4 procedur e 

4.4. 1 preparatio n o f  instrument : 

Equilibratio n o f  colum n an d detector :  Plac e colum n 
i n chromatograp h an d connec t  inle t  t o 3 0 lh/sq *  in .  N ~ 
supply .  D o ho t  connec t  effluen t  t o detector .  Brin g 
colum n temperatur e t o adequat e temp .  Chec k ga s flo w 
rate .  I f  th e ga s flo w rat e i s no t  suitable ,  adjus t 
pressur e t o brin g flo w rat e int o th e suitabl e range . 
Let  ru n overnigh t  unde r  thes e conditions . 

Connect  colum n effluen t  t o detector :  se t  balanc e 
curren t  t o zer o an d polarit y t o adequat e positio n 
(negativ e o r  positive) .  Tur n o n recorde r  an d se t  pe n 
t o zer o wit h 'zer o adjustment' .  Le t  recorde r  ru n c a 
fo r  1 0 min .  o r  mor e t o chec k tha t  baselin e i s steady . 
Adjus t  cel l  voltag e t o 100 0 an d brin g pe n t o zer o wit h 
balanc e curren t  knob .  Le t  recorde r  ru n unti l  baselin e 
i s steady ,  i f  i t  doe s no t  becom e stead y i n 1 0 mir. , 
tur n of f  recorde r  an d le t  colum n an d detecto r  com e t o 
equilibrium . 

Test  o f  equipmen t  wit h standards :  Se t  relativ e 
gai n t o 10 0 o r  1000 .  Injec t  1  /u l  o f  standar d solutio n 
and mar k char t  t o sho w tim e o f  injection . 
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4.4. 2 Chromatography : 

Injec t  1  /xl standar d solutio n an d mar k tim e o f 
injectio n o n chart .  I f  th e separatio n o f  peak s i s no t 
complete ,  adjus t  condition s t o achiev e maximu m separatio n 
and sharpnes s o f  peaks . 

4.4. 3 Identificatio n o f  peaks : 

(1 )  Compariso n o f  relativ e retentio n tim e wit h 
standard s 

(2 )  semi-lo g plo t  o f  R t  (o r  RRT) 

4.4. 4 Quantitativ e determination : 

(1 )  Pea k area :  Interglato r  metho d 
(pea k height )  x  (widt h i n half-pea k 
height )  weigh t  metho d 

(2 )  Relativ e responc e 
Peak area/uni t  mol .  o r  weigh t 

(3 )  % compositio n o f  eac h compound s 
Interna l  normalizatio n metho d 
interna l  standar d metho d 

4.4. 5 Erro r  i n GliC : 

(1 )  Pea k area :  1 % erro r  5mm (widt h i n half-pea k 
height) ,  difficul t 

1% erro r  10mm (widt h i n half-pea k 
height) ,  o r  mor e 

(2 )  Sampl e siz e 
(3 )  Temperatur e o f  injectio n par t 
(4 )  Tailin g an d leadin g 

Note : 
Dat e 
Model 
Sample ûg/m l  o f  solven t 
Column m lon g X  i.d . 

Temp.  ° C 
Column packin g .  „ , 

suppor t  (mes h ____ _ 
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Carrie r  ga s 
Flo w rat e _________ _ ml/mi n 
Hydroge n flo w rat e ml/mi n 
Ai r  flo w rat e ml/mi n 
Detecto r  Bridg e curren t  mA, 

Detecto r  temp .  " C 
Applie d voltag e V 

Range mV,  V 
Char t  spee d mm/mi n 

5 SEPARATION OF NEUTRAL LIPID S FROM POLAR LIPID S 
(B Y COLUMN CHROMATOGRAPHY) 

5. 1 Method-1 .  Colum n Chromatograph y o n Kieselge l  60 : 

Tota l  lipid s (5 8 mg ) 

Kieselge l  6 0 (2. 0 g ,  13-fold ) 

Elutio n wit h chloroform-methano l  (9 8 :  2 ) 
(8 0 ml ,  500-fold)an d the n wit h methano l 
(5 5 ml ,  350-fold ) 

*  11 I 
Neutra l  lipid s Pola r  lipid s 
(CHCl 3-Me0H fr. )  (MeO H fr. ) 

5. 2 Method-2 .  Colum n Chromatograph y o n silici c acid : 

Tota l  lipid s 

Silici c aci d (Malincrod t  Co. ,  13-fold ) 
j  elute d wit h chlorofor m (500-fold )  an d the n 
wit h methano l  (350-fold ) 

Neutra l  lipid s Pola r  lipid s 
(CHCl  fr. )  (MeO H fr. ) 

i n th e cas e o f  th e sample s whic h ha d no t  bee n analyze d 
previously ,  chec k th e separatio n o f  neutra l  an d pola r 
lipid s b y thin-laye r  chromatograph y o n Silic a Ge l  G 
wit h petroleu m ether-diethy l  ether-aceti c aci d (9 0 :  1 0 :  1 ) 
or  othe r  appreciat e solven t  systems . 

Notice :  Sample s (tota l  lipids )  ar e require d t o b e 
completel y drie d prio r  t o th e colum n chromato ­
graphy .  Th e applicatio n o f  lipid s containin g 
wate r  cause s th e incomplet e separatio n o f  th e 
bot h neutra l  an d pola r  lipids . 
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UNSAPONIFIABLE MATTERS AND FATT Y ACID S 

(SAPONIFICATIO N PROCEDURE) 

Lipid s (1. 0 g ) 

+ 1 0 ml  o f  10 % KOH i n ethano l  (o r  methanol ) 

refluxe d a t  70-80° C fo r  1- 2 hrs ,  coole d 

Saponificatio n mixtur e 

dissolve d i n 1 6 ml  o f  war m distille d wate r 

extracte d wit h 5 0 ml  o f  ethe r  * * 
I 

Ethe r  laye r 
(Upper ) 

Aqueou s laye r 

(Lower ) 

extracte d wit h ethe r  (50m l  X  2 ) 

Eth i ,e r  laye r Aqueou s laye r 

Combine d ethe r  laye r 

washed wit h 6  ml  o f  H- O ( 3 times ) 

Washing s Ethe r  laye r 

dehydrate d ove r 

anhydrou s sodiu m 

sulfat e 

(Shak e wel l  an d stan d 

fo r  3 0 min ) 

filtere d throug h 

a filte r  pape r 

Ethe r  solutio n 

concentrate d t o drynes s 

+ 3  ml  o f  aceton e an d 

evaporate d t o eliminat e 
H2° 

Ethe r  extrac t  (unsaponifiabl e matters ) 

concentrate d unde r  reduce d 

pressur e t o eliminat e ethano l 

i n th e extrac t 

+ HC1-H 20 ( 1 :  3 )  t o adjus t  th e 

pH 2 ~ 3 

Acidifie d aqueou s laye r 

sxtracte d wit h 3  vol ,  o f  ethe r 

dehydrate d ove r  Naso.(anhydrous ) 

;oncentrate d t o drynes s 

Fre e ̂ att y Acid s 

* 1 Anothe r  method :  Afte r  saponification ,  th e saponificatio n 
mixtur e wa s dilute d wit h H, 0 t o contai n 50 % o f  ethano l 
concentration .  Then ,  th e dilute d saponificatio n mixtur e 
was.  extracte d wit h 1. 5 vol .  o f  ethe r  twice .  Thi s metho d 
wil l  giv e a  goo d resul t  fo r  lipid s fro m marin e inverte ­
brate s . 
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PREPARATION OF FATT Y ACI D METHYLESTERS 
(BY HYDROGEN CHLORIDE/MeOH) 

Fre e fatt y acid s (abou t  1 0 mg) 
+ 3% hydroge n chlorid e i n methano l  .... 4 ml 

(fro m commercia l  sources ) 
+ dr y benzen e 0. 5 ml 
refluxe d a t  70-80° C fo r  2- 3 hr s * * 
coole d 

Reactio n mixtur e 
+ 2  vol .  o f  distille d wate r 
extracte d wit h 4  vol .  o f  ethe r  (o r  petroleu m 
ether)* 2 

Petroleu m ethe r  laye r 1 , 
Aqueous laye r 

{extracte d wit h petroleu m ethe r 
petroleu m ethe r  laye r  Aqueous '  laye r 

extracte d wit h 
petroleu m ethe r 

Petroleu m ethe r 
laye r 

I 
Aqueous laye r 

Combined petroleu m ethe r  laye r 
washed wit h distille d wate r  t o remov e contaminatin g HCl 
dehydrate d ove r  anhydrou s Na,S0 . 
filtere d 
concentrate d 

Fatt y aci d methylester s (Read y fo r  GLC)* 3 

*1 Fo r  smal l  quantitie s o f  samples ,  us e th e reactio n bloc k 
For  larg e quantitie s o f  samples ,  us e th e apparatu s fo r 
refluxing . 

* 2 Petroleu m ethe r  o r  hexan e i s bette r  fo r  a  solvent ,  becaus e 
ethe r  sometime s contain s oxidativ e compound s 

* 3 T o avoi d th e contaminatio n an d damag e o f  column ,  i t  i s 
bette r  t o purif y th e fatt y aci d methyleste r  b y TL C 
(Kieselge l  G/Petroleu m ether-ether-aceti c aci d (a0sl0:l) ) 
or  b y colum n chromatograph y (Kieselge l  6 0 ... .  5g ; 
solvent ,  5% ether/P.E .  S O ml) . 
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8 GAS-LIQUI D CHROMATOGRAPHIC DATA OP PATTY ACI D METOTLESTERS 

Column:  10 % DSGS o n 60-S O mes h Shimalit e 

Peak 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

F a t ty 

a c id 

1 4 :0 

1 5 :0 

1 5 :1 

1 6 :0 

16:1W7 

1 7 :0 

1 8 :0 

18:1W9 

18:2W6 

18:3W3 

20:1W9 

20:2W6 

20:3W6 

^20:3W9 

20:4W6 

20:4W3 

22:1W9 

20:5W3 

22:4W6 

22:5W6 

22:5W3 

22:6W3 

Rt 

( m i n .) 

2 . 05 

2 . 80 

3 . 15 

3 . 83 

4 . 40 

5 . 25 

7 . 15 

8 . 00 

9 . 70 

1 2 . 65 

1 4 . 65 

1 7 . 75 

2 0 . 45 

2 2 . 80 

2 6 . 65 

2 7 . 15 

2 9 . 60 

4 0 . 60 

4 6 . 90 

5 3 . 60 

6 0 . 40 

RRT*1 

0 . 29 

0 . 39 

0 . 44 

0 . 54 

0 . 62 

0 . 73 

1 .00 

1 .12 

1 .36 

1.77 

2 . 05 

2 . 48 

2 . 86 

3 .19 

3 . 73 

3 . 80 

4 . 14 

5 . 68 

6 . 56 

7 . 50 

8 . 45 

ECL* * 

1 5 .4 

1 6 .4 

1 8 . 00 

1 8 .3 

1 8 .9 

1 9 .8 

2 0 .3 

2 0 .9 

2 1 .4 

2 1 .9 

2 2 .2 

2 2 .3 

2 2 .6 

2 3 .6 

24.0 
24.5 
24.8 

Ref. ECL 

18.00 
18.51 

19.30 
20.40 
20.44 
21.36 

-22.13 
'21 .65 

22.43 

22.28 
23.57 
24.58 
24.97 
25.38 
26.03 

*X RRT:  Relativ e retentio n tim e (relativ e t o 18:0 ) 

* 2 ECL :  Equivalen t  'lai n lengt h 
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Operato r  SAKAMOTO Dat e 28t h Jun e 198 1 

Room Temp .  3 2 r C 
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Ai r  Flo w Rat e 100 0 ml/mln . 
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Fatt y 
aci d 

Mal e 
praw n 

Femal e 
* 

praw n 
Rotife r 
(Chlorella) ' 

Artemi a Chlorell a 

egg (marine ) 
Prawn 
(Tokiwa ) 

22:6W3 
24: 4 
24: 5 

7. 6 10. 6 
4. 0 3. 5 
0. 3 0. 3 

0. 3 5. 1 

*  J.C .  Guar y e t  al .  (1974) :  40 ,  102 7 
* *  Watanab e e t  al .  (1978) :  44 ,  110 9 

Watanab e e t  al .  (1978) :  44 ,  111 5 

Bull .  Jap .  Soc .  Sci .  Fis h 

PREPARATION OF ACETATE DERIVATIVE S 

(ACETYLATION PROCEDURE) 

Sterol s (Fre e form ) 

put  i n a  well-drie d containe r 
+ dr y pyridine-aceti c anhydrid e ( 1 :  1)* 1 
dissolve d sterol s completel y 
refluxe d a t  70° C fo r  40-6 0 min .  (o r  stoo d a t 

roo m temperatur e fo r  2 4 hrs ) 

Reactio n mixtur e 

Exces s o f  th e reagent s wa s evaporate d unde r  reduce d 
pressur e b y usin g a  rotar y evaporato r  (o r  unde r  th e 
strea m o f  nitroge n gas ) 

(I f  th e reactio n mixtur e ha s a  smel l  o f  pyridin e an d 
aceti c anhydride ,  ad d ethano l  an d evaporate. ) 

Crud e stery l  acetate s 

Pur e 

Purifie d b y TL C 
or  b y Alumin a 
colum n chromato ­
graphy* 2 

stery l  acetate s 

Check b y TL C o n Kieselge l  G/CHC1 3 

whethe r  fre e sterol s turne d t o 
acetate s completel y (Sometimes , 
th e complet e formatio n o f  acetat e 
i s no t  accomplishe d du e t o certai n 
reasons. ) 

* 1 Aceti c anhydrid e D o no t  us e a n ol d reagen t 
Dry pyridin e Dr y ove r  sodiu m hydroxid e 

* 2 TLC s Sampl e wa s applie d ont o th e plat e a s a  streak .  Afte r 
developmen t  wit h chloroform ,  th e plat e wa s drie d an d 
spraye d wit n Rhodami n 6 G i n acetone .  Th e ban d corres ­
pondin g t o stery l  acetat e locate d unde r  UV-light(32 0 m/i ; 
was elute d wit h ether . 

Alumin a colum n chromatography :  Sampl e wa s loade d o n lO g o f 
Alumin a (II-III )  an d elute d wit h 10 0 ml  o f  hexane-benzen e 
( 5 :  1 )  o r  15'. i  ethe r  i n hexane . 
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26 
26 
26 
27 
27 

0.6 6 
0.6 6 
0.7 8 
0.8 8 
0.8 8 

0.6 6 

0.6 9 
0.7 2 
0.9 0 
0.8 8 

10 REIATIVi :  RETENTION TIM E (RRT )  OP STEROL I N GL C ON OV-1 7 AND ON OF- 1 

Carbo n OV-1 7 QF- 1 Stero l 

24-Norcholesta-5,22(E)-dieno l 
24-Norcholest-22(E)-eno l 
24-Norcholesta-7,22(E)-dieno l 
5 -Cholestan- 3 -0 1 (Coprostanol ) 
Cholesta-5,22(Z)-dieno l  (ciz-22-Dehydrochole -

sterol ) 
27 0.§ 4 0.8 9 Cholesta-5,22(E)-dieno l  (trans-22 -

0e hydrochole s terol ) 
Cholest-5-eno l  (cholesterol ) 
5 -Cholestan- 3 -0 1 (Cholestanol ) 
24-Methylcholesta-5,22(Z)-dieno l 
23-Methylcholesta-5,22-dieno l  (non-identified ) 
27-Norergosta-7,22(E)-dieno l  (Amuresterol ) 
Cholesta-7,22(E)-dleno l 
24-Methylcholesta-5,22(E)-dieno l 

(24R:Braesicasterol ) 
(24S:Clionasterol ) 

Cholest-7-eno l  (Lathosterol ) 
Cholesta-5,24(25)-dieno l  (Desmosterol ) 
24-Methylcholest-5-eno l  (24R :  Campeaterol ) 

(24S :  22,23-Dihydrobrassioasterol ) 
28 1.3 3 1.2 7 24-Methylenecholest-5-eno l  (2 4 Methylene -

cholesterol ) 
24-Methylcholesta-5,7,22-trieno l  (Ergosterol ) 
24-Methylcholesta-7,22(E)-dieno l 

(24S :  Stellasterol ) 
23,24»Dimethylcholesta~5,22-dieno l 
24-Ethylcholesta-5,22(E)-dieno l 

(24S :  Stigmasterol ) 
(24R :  Poliferasterol ) 

23,24-Dimethylcholesta-5,23-dieno l 
24-Methylcholest-7-eno l 
24-Methylenecholest-7-enol(Episterol ) 

27 
27 
28 
28 
27 
27 
28 

27 
27 
28 

1.0 0 

1.0 1 
1.0 5 
1.0 7 
1.0 7 
1.1 0 
1.1 4 

1.1 6 

1.1 9 
1.2 8 

1.0 0 
1.0 5 

(1.07 ) 
(1.04 ) 
0.9 3 
0.9 8 

1.0 8 

1.1 0 
1.0 8 
1.2 8 

28 
28 

29 
29 

29 
28 
28 

1.3 3 
1.3 4 

1.3 6 . 
1.4 2 

1.5 3 
1.5 4 
1.5 7 

1.2 1 

1.1 9 

1.2 6 
1.3 2 

1.4 3 
1.4 1 
1.3 9 
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Carbo n ov-1 7 QF- 1 Stero l 

29 1.5 9 1.5 4 

29 
29 

29 
29 

29 
29 
30 
30 
30 

1.6 8 
1.7 0 

1.7 8 
1.8 9 

2.0 0 
2.1 0 
2.2 6 
2.3 0 
2.6 4 

1.4 9 
1.6 1 

1.5 3 

1.6 9 

1.6 3 
1.6 8 
2.1 7 
2.2 3 
2.3 8 

24-Ethylcholest-5-eno l  (24R :  -Sitosterol ) 
(243:Chondrillasterol ) 

(E)-24-Ethylidenecholest-5-eno l  (Fucosterol ) 
23-Demethyloorgost-5-eno l 

( 2 3-Demethylgorgosterol ) 
(Z)-24-Ethylidonecholest-5-eno l  (Isofucostero l 
24-Sthylcholest-7-eno l  (24R :  Spinasterol ) 

(24S :  Chondrillastenol ) 
(E)-24-Ethylidenecholest-7-eno l 
(Z)~24-Ethylidenecholest-7-eno l 
Gorgost-5-eno l  (Gorgosterol ) 
Gorgostano l 
Gorgost-7-eno l  (Acanthaste.rol ) 

11 SOLVENT SYSTEMS FOR SEPARATION O F STEROI D HORMONES B Y TL C ON 
KIESELGEL G 

Steroid s 

5<fc -  pregnane -  3,20-dion e 
'-Cholesteno l 
Progesteron e 
Androstenedion e 
Pregnenolon e 
Dehydroepiandrosteron e 
1 "h£- OH-prog e s  teron e 
3y5-OH-5<v-pregnane-20-on e 
Testosteron e 
5«G-  Pregnane -  30,20 -̂dio l 
11-Ketotestosteron e 
3/3,6>6-Dihydroxy-pregnane -
20-on e 

*  Syste m 1 :  Benzene-ethy l 

1 

0.3 3 
0.2 3 
0.1 5 

0.1 2 

0.0 5 

Solven t  system * 

2 

0.7 0 

0.6 7 
0.6 5 

0.4 9 
0.5 0 
0.5 5 
0.4 9 
0.4 3 
0.3 2 
0.2 1 

3 4  5 

0.4 7 
0.3 6 

0.6 6 0.4 0 
0.5 6 0.3 7 
0.4 7 0.2 9 0 . 
0.4 1 0.270 . 

0.2 5 
0.2 7 
0.2 1 
0.1 9 

0.0 4 

I 

6 

0.5 1 

0.4 3 

,2°- 4° 52,0.3 7 
430.3 5 

0.3 1 
0.2 3 
0.2 3 

7 

0.4 8 
0.3 9 

0.4 7 
0.4 2 
0.3 3 
0.3 2 
0.3 5 
0.3 0 
0.2 9 
0.2 3 

0.0 8 

acetat e (10 0 :  15) .  Fo r  separatio n 

8 9-1 1 

0.9 0 
0.7 0 
0.8 3 
0.8 2 
0.5 2 
0.5 2 
0.5 0 
0.5 7 
0.4 3 
0.3 3 

0.2 3 

of 

develope d twic e 

m^,.-
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Syste m 2 :  Chloroform-methano l  (9 7 s  3 ) 
Syste m 3 :  Ethe r  alon e 
Syste m 4 :  Chloroform-ethy l  acetat e (1 3 :  7 ) 
Syste m 5 :  Dichloromethane-aceton e (2 4 :  1 ) 
Syste m 6 :  Benzene-ethy l  acetat e ( 5 : 4 ) 
Syste m 7 :  Benzene-aceton e (8 :  2 ) 
Syste m 8 :  Benzene-methano l  ( 9 : 1 ) 

The followin g system s ar e usefu l  fo r  -separatio n o f  th e mixture s 

Syste m 9 :  Benzene-methanol-2 N NH4QH (6 5 s  3 5 :  1 )  ,.. . 
Cholestery l  sulfate/Pregnenolon e 
sulfat e 

Syste m 10 :  Benzene-ethy l  acetat e ( 3 :  1 ).....Progesterone/5«6 -
Pregnane-3,20-dion e 

Syste m 11 :  Cyclohexane-ethy l  acetat e ( 1 :  1 )  5<-Pregnane- Zfi, 
20 -̂diol/Testosteron e 

Syste m 12 :  Benzene-ethy l  acotat e ( 1 :  1) ,  twic e ,5V-Pregnane- 3/3, 
20<*-diol/5qf -  Pregnane -  3/3,20^3101 

Syste m 13 :  Chloroform-ethy l  acetate-(10 0 :  15 )  5V-Pregnane-3 , 
20-dione/Sterols/Progesteron e 

Rf  value s o f  acetat e derivatives . 



CHAPTER 8 

METHODOLOGY OF NUTRITIONA L BIOSJTCRGSTXCS -  A W OUTLIN E 

1 Principl e 

Nutritiona l  3ioenergetics ,  th e stud y o f  transformatio n 
and partitionin g o f  foo d energ y offer s a  conceptiona l  framewor k 
t o anabolis m an d catabolism .  whil e th e rat e o f  transfe r  ca n b e 
expresse d a s dB/dt ,  th e whol e proces s ca n b e expresse d i n th e 
for m o f  a  simplifie d equation ,  whic h i s als o know n a s energ y 
budget . 

C =  F  +  U  +  M +  A B . . . . .. (1 ) 

wher e ' C denote s th e atioun t  o f  foo d energ y consume d als o know n 
as ration ,  'P '  tha t  par t  los t  a s faeces ,  'u '  non-faeca l  nitro ­
genou s loss ,  'M '  los s b y wa y o f  metabolis m an d 'AB '  chang e i n 
material s o f  body ,  growth .  (Fig .  1) . 

Pood Energ y (C ) 

Faeca l  Los s (F ) 

Digestibl e (Assimilated )  Energ y 

Calorigeni c Effec t  o f  foo d (SDA ) 

Nonfaeca l  Los s (u ) 

Net  physiologicall y usefu l  energ y 

Metabolis m (M ) 

Growt h (AB ) 

i .  Tissu e repai r  & additio n 

ii .  Exudate s (muco s etc., ) 

ill .  Exuvi a 

iv .  Gonadia l  product s 

Fig .  1 .  A  diagramati c sketc h showin g partitionin g o f  foo d 
energy . 

*  Prepare d b y D.c.V .  Easterso n an d A.G .  Ponniah ,  Centra l  Marin e 
Fisherie s Researc h Institute ,  Cochin*18 . 
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Sinc e th e equatio n i s a  balance d one ,  i f  on e o f  th e parameter s 

i s no t  known ,  i t  ca n b e calculated .  Thoug h calori e (th e 

measur e o r  energy) ,  i s  use d a s th e uni t  o f  expression ,  unit s 

lik e carbon ,  nitroge n ca n als o b e used ,  whe n required .  On e 

gra m calori e ( g cal )  i s  define d a s th e amoun t  o f  hea t  require d 

t o rais e th e temperatur e o f  on e gra m o f  distille d wate r  b y 1° C 

at  15° C ( 1 Kca l  o r  Ca l  =  100 0 g  ca l  =  3.968 1 Bt u =  418 5 Joules) . 

2 Experimenta l  Procedure s 

Befor e settin g u p th e experiment ,  knowledg e abou t  th e 

foo d an d feedin g habi t  o f  th e experimenta l  anima l  i s necessary . 

For  which ,  th e stud y o f  mout h parts ,  gu t  an d faeca l  content s 

woul d b e informative .  Some animal s ar e nocturna l  feeder s an d 

t o thes e feedin g shoul d b e don e durin g th e night .  Preliminar y 

studie s o n satiatio n ration ,  satiatio n tim e an d frequenc y o f 

meal  ar e als o essential . 

For  experimentation ,  health y animal s o f  unifor m siz e an d 

sexua l  sta^c !  ar e chose n an d acclimatize d i n th e chose n die t  fo r 

a week .  Befor e th e startin g o f  experiment ,  th e animal s ar e no t 

fe d fo r  a  fixe d tim e t o allo w the m t o evacuat e thei r  gut .  After ­

wards ,  lengt h an d we t  weigh t  ar e take n an d introduce d int o th e 

experimenta l  tan k containin g goo d filtere d an d aerate d seawater . 

Water  level ,  salinit y an d temperatur e ar e t o b e maintaine d 

constant .  Feedin g shoul d b e don e a t  th e fixe d t.im e i n fixe d 

quantities .  Th e aeratio n shoul d no t  b e to o muc h s o a s t o agitat e 

and brea k th e faeca l  matter .  Th e botto m o f  th e tan k shoul d b e 

of  a  colou r  i n whic h faeca l  pellet s ca n b e easil y recognised . 

I f  transparen t  container s ar e used ,  the y shoul d b e covere d 

inorde r  t o preven t  th e animal s gettin g excited .  A t  th e star t 

of  th e experiment ,  anothe r  batc h o f  thre e animal s simila r  t o 

th e experimenta l  one s shoul d b e rinse d wit h distille d water , 

externa l  moistur e removed ,  weighe d an d ove n drie d a t  60-70° C 

fo r  th e estimatio n o f  percentag e wate r  an d tota l  calorifi c 

contents .  • 

i t  i s  bette r  tha t  exuvi a an d faeca l  matte r  ar e remove d 

soo n afte r  voided ,  o n drying ,  sal t  fro m th e adherin g wate r  add s 

up t o th e weigh t  an d als o interfere s i n th e chemica l  analysis . 

To avoi d this ,  faece s an d exuvi a ar e transferre d t o a  ver y fin e 
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boltin g sil k  fixe d o n th e mout h o f  a  beake r  an d washe d gentl y wit h 

distille d water ,  transferre d t o a  pre-weighe d petridis h an d kep t  i n 

a refrigerato r  o r  ove n dried .  Th e poole d dr y matte r  i s weighe d 

finally .  Exuvi a an d faeca l  matte r  nee d t o b e kep t  separately .  Recor d 

shoul d b e maintaine d o n moulting .  On e typ e o f  experimenta l  se t  u p 

i s show n i n Fig .  2 . 

w 
Fig .  2 .  Th e apparatu s use d fo r  th e separatio n o f  faeca l  N  an d 

urinar y N . 

A:  A  tan k fo r  maintenanc e o f  fis h (3 6 X  2 0 X  2 7 cm) . 

B:  A  tes t  tub e fo r  collectin g faece s (3. 5 X  2 5 cm ) 

C:  A  colum n o f  resi n fo r  adsorbin g dissolve d urinar y nitrogenou s 

compounds (5. 5 X  6 0 cm ) 

D:  Ai r  suppl y 

E:  Wate r  suppl y 

F:  Chlorofor m 

0;  Cupri c hydroxid e 

H:  Fece s collecte d 

I :  Glas s woo l 

(Ogino ,  Kakin o an d Chen ,  1973 ) 
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3 Food Consumption 

3. 1 Direc t  method : 

Food offere d -  foo d lef t  =  foo d consume d (C ) 

3. 2 Indirec t  method : 

3.2. 1 F  +  U  +  M + B  =  C .  (2 ) 

3.2. 2 Marke r  methods: -

(a )  Us e o f  Radioactiv e isotopes : 

The foo d i s labelle d wit h on e o f  th e isotope s 
14 3 2 4 5 3 5 

viz .  C ,  P ,  Ca ,  S .  I n cas e o f  phytoplankto n 
feeders ,  th e fee d alg a i s grow n i n mediu m containin g 
isotopes ;  b y thi s th e isotop e get s incorporate d int o 
th e alga .  I n cas e o f  formul a diet s th e isotop e i s 
mixe d wit h th e feed .  Th e labelle d foo d i s followe d 
i n th e anima l  an d estimate d eithe r  i n th e anima l  o r 

32 
calculate d fro m th e decreas e i n th e medium .  P  i s 
a ver y convenien t  isotop e havin g a  ver y shor t  half -
lif e o f  14. 2 day s an d th e radiatio n coul d b e easil y 
detecte d an d measure d i n smal l  animal s a s a  tota l 
entit y o r  i n homogenize d aliquots .  Bu t  du e t o it s 
shor t  half-life ,  i t  ca n no t  b e use d fo r  experiment s 

14-
of  longe r  duration .  C  ha s th e advantag e o f  a  half -
lif e o f  576 0 years .  Sinc e i t  i s  easil y metabolised , 
th e degre e o f  labellin g migh t  diffe r  i n differen t  foo d 
molecule s and ,  a s differen t  foo d component s ar e no t 
uniforml y assimilated ,  erro r  i s likely . 

(b )  us e o f  non-assimilabl e markers : 
The mos t  commonl y use a marke r  i s Cr-O ,  (chromiu m 

sesquioxide )  whic h i s wel l  mixe d a t  5 % leve l  wit h th e 
fee d an d it s exac t  quantit y i n th e fee d an d faece s i s 
chemicall y estimated . 
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4 Assimilatio n 

Assimilatio n (A )  i s calculate d a s follows : 

4. 1 Direc t  method : 

A =  C  - F  (A ) 

4. 2 Indirec t  method : 

Concentratio n o f  indicato r  i n foo d 

pe r  uni t  weigh t 

A =  C  -  . .  ' 

Concentratio n o f  indicato r  i n faece s 

•  pe r  uni t  weigh t 

5 Metabolis m 

5. 1 Direc t  method : 

By mean s o f  stati c o r  flow-throug h respirometer s th e 

metabolis m (i n term s o f  oxyge n consumption )  o f  animal s fe d 

wit h th e teste d die t  i s  estimated .  Fo r  this ,  th e tes t 

animal s shoul d b e acclimatize d t o th e laborator y conditions , 

tes t  die t  an d feedin g schedule .  I f  a  diurna l  rhyth m i n 

standar d metaboli c rat e ( M )  i s  present ,  i t  shoul d b e take n 

int o consideratio n i n th e schedul e o f  feedin g an d oxyge n 

consumption .  Afte r  th e excitmen t  du e t o handlin g i s over , 

hourl y estimate s o f  oxyge n consumptio n i s mad e fo r  2 4 hrs . 

Thi s i s totalle d t o arriv e a t  th e feedin g metaboli c rat e (M ) 

fo r  a  da y fo r  th e teste d diet .  Energ y equivalen t  o f 

4.6 3 Kcal/li t  0 _ ca n b e use d t o conver t  oxyge n consumptio n 

dat a int o calories . 

5. 2 indirec t  method : 

Metabolis m (M )  i s calculate d a s th e differenc e betwee n 
and 

sum o f  faeca l  an d non-faeca l  loss ,  an d growth/tha t  o f  foo d 
consumed . 

M =  C  -  ( P +  U  +AJ3 ) (3 ) 
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7 1 

6 Specifi c  dynami c actio n ^SDA ) 

Specifi c  dynami c actio n denote s th e energ y cos t  o f 
biochemica l  transformatio n o f  ingeste d foo d int o a  metabolizable , 
excret,abl e form .  T o estimat e SDA,  standar d metabolis m (M 3)  an d 
metabolis m du e t o excitabilit y  an d increase d activit y occurrin g 
i n conjenctio n wit h foo d intak e (M Q)  ar e subtracte d fro m tota l 
metabolis m (M) . 

SDA-  M -  ( M +  M. )  ....(4 ) 

M -  metaboli c rat e o f  fe d animals ; 
M -  metaboli c rat e o f  starve d animals ;  an d s 
Me-  th e excite d metaboli c rat e du e t o feedin g procedur e 

( M an d M„  ar e estimate d i n a  respiratio n wher e activit y s 
i s mad e constan t  b y makin g th e experimenta l  anima l  t o 
move agains t  a  stead y curren t  o f  water ) 

7 Growt h 

At  th e en d o f  th e experimen t  th e animal s ar e weighed , 
measured ,  an d drie d i n th e oven .  I t  i s  bette r  t o determin e th e 
proximat e composition ,  whic h woul d b e o f  us e i n interpretatio n 
of  th e result .  Th e weigh t  i s converte d int o th e uni t  o f  experi ­
ment  eg .  Calorie s o r  Protein . 

Analysi s -  formula : 

(i )  K ,  (Gros s conversion -  m  ̂ .Q- . 
efficiency )  (%)  C 

(11 )  K j  (Ne t  conversio n =  ^ B
 1Q Q 

efficiency )  (%)  A 

C (I n g  dr y wt ) 
(ill )  Trophi c coefficien t 

(lv )  1 .  Fo r  a n experimen t  o f 
longe r  duratio n 

P (i n g  dr y wt ) 

2AB 
Mean growt h rat e perda y =  •  lo o 
i n % Bod y weigh t  (? )  n ( W n +  V 
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ii .  Fo r  shor t  ter m experiments , 

especiall y i n juvenile s 

i  (lo g W -  lo g W. 
,'10 ' ,n - l X 10 0 

8 Mean foo d consumptio n i n percentag e bod y weigh t  pe r  da y 

(i n a d libitu m feedin g studies )  C 

2C 

<wn +  WQ)  X  n 
X 10 0 

Wet  weigh t  o n n  da y 

WQ -  Wet  weigh t  initia l 

9 Foo d conversio n rati o (r ) 

Especiall y usefu l  i f  ther e i s an y mortalit y t o 

experimenta l  animal s 

r  • 
(w n *  D )  -  57 o 

W -  averag e initia l  weigh t  (g ) 

w"n =  averag e fina l  weigh t  (g ) 

D B  weigh t  o f  dea d animal s (g ) 

C •  Tota l  foo d consume d i n g 
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CHAPTER 9 

DETERMINATION O F DIGESTIBILIT Y COEFFICIEN T 

1 INTRODUCTION 

Nutrlant s prasan t  I n th e feedstuff s ar e no t  completel y 
availabl e t o th a anima l  body .  Larg e portion s o f  th e nutrient s 
ar e excrete d I n th a faece s becaus e o f  bein g no t  digeste d I n th a 
alimentar y tract .  Therefore ,  th e digestibilit y o f  th a feedstuf f 
i s  define d a s th a portio n o f  a  fee d o r  nutrien t  o f  fee d whic h i s 
not  recovere d I n faeces ,  i.e. ,  th a portio n whic h ha s bee n absorb ­
ed b y th e animal .  When th e digestibilit y i s  expresse d i n 
percentag e i t  i s  know n a s digestibilit y  coefficient .  Digestibilit y 
coefficient s ar e calculate d fo r  dr y matter ,  crud e protein ,  crud e 
fibre ,  ethe r  extrac t  an d nitrogen-fre e extract .  Digestibilit y 
of  gros s energ y presen t  i n th e foo d ca n als o b e determined .  Th e 
digestibilit y  coefficient s normall y determine d ar e th e apparen t 
digestibilit y  coefficient s sinc e th e nutrient s foun d i n th e 
faece s contai n smal l  proportio n o f  nutrient s fro m th e previousl y 
utilize d foo d I n th a for m o f  mucosa l  debris ,  unspen t  enzyme s ate . 

2 DIRECT FAECES COLLECTIO N METHOD 

2. 1 Apparatu s an d reagent s require d 

(a )  Speciall y designe d aquariu m tank s fo r  collectio n o f 
faece s 

(b )  Aerator s 
(c )  Feedin g tray s 
(d )  polythen e tube s 
(e )  Porcelai n crucible s 
(f )  Ho t  ai r  ove n 
(g )  Centrifug e 
(h )  Singl e pa n balanc e 
(i )  Equipmen t  an d reagent s require d fo r  protei n analysi s 
(j )  Equipmen t  an d reagent s require d fo r  fa t  analysi s 

*  Prepare d b y R .  Pau l  Ra j  an d D.C.v .  Easterson .  Centra l  Marin e 
Fisherie s Researc h Institute ,  Cochin-18 . 



(k )  Equipmen t  an d reagent s fo r  crud e fibr e analysi s 
(1 )  Equipmen t  an d reagent s fo r  determinatio n o f  energ y 
(m)  Experimenta l  animal s (fishe s o r  crustaceans ) 

2. 2 Procedur e 

(a )  Tak e thre e speciall y designe d aquariu m tank s o f 
identica l  size ,  wit h provisio n fo r  continuou s 
collectio n o f  faeces ,  pil l  the m wit h wate r  an d 
maintai n th e level ,  volum e an d temperatur e o f 
wate r  simila r  i n al l  th e aquaria .  Th e wate r  use d 
i n al l  th e aquari a shoul d b e o f  th e sam e sourc e 
and salinit y level .  Aerat e th e aquari a wel l  t o 
maintai n oxyge n level s nea r  saturatio n i n al l  th e 
tanks . 

(b )  introduc e 1 0 health y experimenta l  animal s o f  th e 

same species ,  age ,  siz e group ,  et c i n eac h o f  th e 

t a n k s .  ' , - . • • 

(c )  Durin g th e pre-experimanta l  feeding ,  th e animal s 
ar e fe d o n th e fee d o r  feedstuf f  i n questio n fo r 
a perio d o f  atleas t  6  day s t o remov e th e effect s 
of  previou s feeds .  (Th e numbe r  o f  pre-experimenta l 
feedin g day s ca n b e adjuste d dependin g o n th e 
gastri c evacuatio n time) . 

(d )  A t  th o en d o f  si x day s th e feedin g tria l  ca n b e 
started .  Fee d th e thre e group s o f  experimenta l 
animal s wit h a  know n quantit y o f  feed ,  weighe d 
accuratel y t o O.l g i n a  feedin g tra y an d allo w 
th e animal s t o fee d fo r  abou t  1 2 hour s overnight . 
The feedin g tim e ca n b e increase d o r  decrease d i 
base d o n the .  actua l  tim e take n fo r  consumptio n 

by th e experimenta l  animals . 

(e )  carefull y remov e th e feadin g tray s fro m th e aquariu m 
tank s an d collec t  th e left-ove r  foo d b y centrifugin g 
or  filtering .  Dr y th e left-ove r  foo d i n a n ove n a t 
105*0 . 
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(f )  Collec t  th e faece s a t  2  hourl y interval s usin g a 
polythen e tub e b y siphonin g ou t  th e faeca l  pellet s 
i f  ther e i s n o speciall y designe d aquari a fo r 
collectin g faeces ,  centrifug e o r  filte r  th e faece s 
and dr y i n a n ove n a t  105' c 

(g )  Continu e th e feeding ,  an d collectio n o f  left-ove r 

foo d an d faece s fo r  a  perio d o f  1 0 days . 

(h )  Afte r  drying ,  th e representativ e sample s ar e kep t 

separatel y i n polythen e bags . 

(i )  A t  th e en d o f  th e digestibilit y  tria l  al l  th e faeoe B 
sample s o f  eac h aquariu m tank s ar e composite d an d 
analyse d fo r  th e dr y matter ,  crud e protein ,  crud e 
fat ,  crud e fibre ,  NF E an d energ y contents . 

2. 3 Calculatio n 
I- F 

Apparen t  digestibilit y  coefficien t  o f  nutrient s »  D a •  — » 
I 

wher e I  =  nutrien t  intak e an d F  =  faeca l  nutrien t 

A I-(P-Fk ) 
Tru e digestibilit y  coefficien t  »  TO •  — • 

I  I 

wher e A  »  absorbe d nutrient ;  I  =  nutrien t  intake ;  F  =  faeca l 

nutrien t  an d F k *  metaboli c nutrien t  excrete d wit h th e faeces . 

3 CHROMIC OXID E INDICATO R METHOD 

A breakthroug h i n digestibilit y  studie s o f  nutrient s wa s 
th e us e o f  iner t  materials ,  an d i n particula r  th e us e o f 
chromiu m oxid e (Cr,o 3) . 

Chromiu m oxid e mixe d wit h prepare d diet s an d measure d i n 
th e faece s provide s a  genera l  compariso n o f  th e overal l  digesti ­
bilit y  o f  a  fee d expresse d as : 

rsCr,o ,  i n faftce s 
Percen t  digestibilit y  -  l^ n 
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•  When th e percentag e o f  a  nutrien t  i n th e fee d an d 
faece s i s analyse d a s wel l  a s th e correspondin g percentag e 
of  th e indicato r  substanc e th e digestibilit y  percentag e ca n 
be calculate d b y th e formula : 

Apparen t  digestibilit y  coefficien t 

%Cr,0 ,  i n fee d % nutrien t  i n faece s 
„  1.00 -  — x 

%Cr203 i n faece s % nutrien t  i n fee d 

Caution : 

The ohromi c oxid e fo r  commercia l  us e ha s t o b e purifie d 
fo r  removin g th e toxi c chromiu m compounds .  Th e toxi c chromiu m 
compounds ca n b e remove d b y repeate d washin g i n N  HC1 usin g 
glas s fibr e filte r  (Whatma n GFC)  an d borosilicat e glassware . 
Afte r  repeatedl y treatin g wit h hydrochlori c aci d th e powde r  i s 
washed,  thoroughl y i n distille d water ,  drie d a t  120° C fo r 
24 hour s an d stored .  Thus ,  treate d Cr.O .  i s mixe d i n a  definit e 
percentag e t o th e feed . 

4 DETERMINATION OP CHROMIC OXID E I N FAECES 

4. 1 TITRIMETRI C METHOD 

4.1. 1 Principl e 

The wel l  mixe d faeca l  matte r  containin g organi c wast e 
and chromi c oxid e marke r  i s digeste d wit h nitri c  aci d t o 
remov e organi c matter .  Th e resultan t  solutio n i s suitabl e 
fo r  estimatio n o f  mineral s i n additio n t o chromium .  On th e 
additio n o f  perchlori c aci d th e chromiu m oxid e i s oxidise d 
t o dichromat e whic h i s estimate d b y addin g a n exces s o f 
ferrou s ammoniu m sulphat e an d titratin g th e mixture . 

4.1. 2 Reagent s 

(a )  Hydrochlori c aci d 
(b )  Nitri c  acid ,  Anala r 
(c )  perchlori c acid ,  60 % 
(d )  Sulphuri c aci d (6N-16 7 ml  o f  Anala r  sulphuri c 

aci d dilute d t o 1  litr e i n distille d water ) 



!j£',:. ; i i - ' i i i r.o qixi'o ti ban '33i:.ri-:iiuK  (i,t,incii..i:^. SVO'R'1:-

^ ' t e y ^ ^ b t ^ ^ d ^ c r i r o n ^ t e '' f&t'i 7 H)'; stindardV'"" 
n-,-;>ip tsriJ ixJrm ^ifAWiMi p fiiLt/a-.&Jof. •' X.'.; t>"5x> 

previous^y^hejjieî  tg_. ̂ j^C^j^o&edj and., stored 
i n a' dess icator i n 1 l i t r e of 2 JJ sulphuric 
acid. Check the normality. 

t>3:io£.:-J2 ^AssoivaiJabout^iog-'e&rjtoas'-aniiHonittit sulphate 
CPeSO^fWH^'g-.'^'O'Ĥ S; ' I i t r e of°2»l sulphuric : 

.acJLdi  ;:.Ch©ck£ £h6 HOrffl«^it^ J#«e^^af ^£ t> re tfse. • 
j  j" . 

(g )  Indicato r  solution : 

Dissolv e O.l g o f  N-Phen îahthrariiii c  Scid : 

ifl *  2  ml  o f  5% sodiu m carbonat e an d dilut e t o 
100 ml  wit h distille d water .  i — 

4.1. 3 Procedur e 

(a) Weigh about 50-100 mg of faeces containing--
1-3 mg of Cr203 in to a 100 ml conical f lask 
or a kjeldahl f lask. *->-•••<•-

(b) Add 5 ml of cone n i t r i c acid 

f SlisJtftM'SoiiinuteB,?Jtaii ' ' tt ie oohtenW-ge'tttiy in a 
hot p l a te for about half an hour i n a fume cup 
board (Al ternat ively samples can be digested i n 

i i c t s ^ I ^ ^ a ^ fcJ(jft{. ec system, i f ava i lab le ). Addi-
•;3Xi-f-;*'i:ifai»i!lf £icid-'may Tae 'added to prevent the content 

becoming dry. 

(d) Cobi 'atid*  ffdd 3 ml of 60-J perchloric" acid. Heat' 
v,;•.. -. -tfay'keVplrig insld'e • fune cupboard rfith p l as t ic 

•'--fgct'eerc"''uTVtil no more fumes evolves and a ll n i t r i c 
" ; ' af&ld hasvbeen removed. 
o:U ': • • . ( _ • - ' 

(e> ifAcl-wpBti,um ds present-t . ie so lut ion becomes 
b r i l l i a n t golden in colour. Cool and wash the 
d igest in to a 50 ml volumetric f lask with 
d i s t i l l ed water. 



so 

(f )  T o thi s ad d 5  ml  o f  6N-H 2S04,  5  ml  o f  0. 1 H 

ferrou s ammoniu m sulphat e an d a  dro p o f  indiacato c 
Titrat e th e mixtur e i n a  1 0 ml  burett e wit h stand ­
ar d o. l  N  potassiu m dichromat e unti l  th e gree n 
colou r  o f  th e solutio n turn s t o slate-grey ,  whic h 
turn s t o cherr y colou r  o n standing . 

4.1. 4 Calculatio n 

I f  '  t *  ml  o f  0. 1 M potassiu m dichromat e solutio n i s 
required ,  the n th e dichromat e i n th e diges t  ha s reache d 
wit h 5  't 1 ml  o f  0. 1 fe.rou s ammoniu m sulphate .  1  :a l  o f 
0. 1 N  dichromat e i s equivalen t  t o 2.5 3 mg o f  Cr 2o~.  Thu s 
2.5 3 (5-'t' )  mg o f  Cr,0 3 ca n b e presen t  i n th e digest . 

4. 2 SPECTROPH0T0METRIC METHOD 

4.2. 1 Reagent s 

As i n th e titrimetri c metho d 

4.2. 2 Equipmen t 

spectrophotomete r 

4.2. 3 procedur e 

Follo w procedure s 'a '  t o 'd '  a s give n i n titrimetri c 

method . 

(e )  Coo l  an d was h th e diges t  int o a  10 0 m l  volumetri c 
flas k an d mak e u p th e volum e b y addin g distille d 

water . 

(£ )  Mi x wel l  an d afte r  allowin g a  minimu m o f 

5 minute s measur e th e optica l  densit y a t  35 0 m/ti 
i n a  spectrophotometer .  Th e percen t  chromi c 
oxid e i s rut d fro m a  standar d curv e wher e '  V 
i s th e optica l  densit y a t  35 0 myu an d «X '  th e 
Cr-O ,  conten t  o f  th e sampl e i n mg/10 0 r.il . 
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CHAPTER 1 0 

SYSTEMS O F EXPRESSING TH E PROTEI N VALUES OF TH E FEE D 

AND METHODS O F THEI R ESTIMATIO N 

1'  INTRODUCTION 

I n chemica l  compositio n studies ,  protein s i n th e feed s 

ar e estimate d b y determinin g th e nitroge n conten t  an d multiplyin g 

by a  facto r  6.2 5 an d th e resultan t  valu e i s th e crud e protein . 

However ,  considerabl e variatio n i n th e efficiency"o f  conversio n 

of  differen t  dietar y source s o f  protein s hav e bee n reporte d i n 

th e literatur e usin g isonitrogenou s diets ,  an d thes e variation s 

hav e bee n attribute d t o th e qualit y differenc e amon g protein s 

particularl y i n thei r  amin o acid s profile .  Th e followin g term s 

ar e widel y use d i n th e biologica l  evaluatio n o f  protein s I n 

fishe s an d crustaceans . 

2 EXPERIMENTAL PROCEDURES 

Experiment s ar e conducte d i n speciall y designe d aquari a 

wit h provisio n fo r  collectio n o f  th e differen t  nitroge n frac ­

tions .  Th e experimental -  set-u p devise d b y Ogino ,  Kakin o an d 

Chen (1973 )  an d show n i n Fig. 2 o f  Chapter s isa n example .  Experi ­

menta l  animal s o f  th e sam e species ,  siz e grou p an d ag e ar e 

acclimatize d i n th e aquari a fo r  a  stipulate d period .  Durin g th e 

acclimatizatio n perio d feedin g i s don e wit h th e experimenta l 

protei n diet .  Th e oxygen ,  temperature ,  salinit y level s ar e 

maintaine d simila r  i n al l  th e aquaria .  Th e experimenta l  protei n 

diet s ar e fe d t o th e animal s onc e o r  twic e a  da y i n fixe d tiroing a 

Dat a o n th e variou s nitroge n fraction s ar e collecte d b y samplin g 

food ,  water ,  faece s an d als o carcas s analysis .  Periodicall y 

weigh t  o f  th e animal s ar e recorde d t o adjus t  an d maintai n th e 

feedin g level .  A t  th e end, ,  th e tota l  protei n consumed ,  wt . 

gained ,  variou s form s o f  nitroge n losses ,  carcas s nitrogen , 

etc. ,  ar e analyse d an d composed . 

*  Prepare d b y R .  Pau l  Raj ,  Centra l  Marin e Fisherie s Researc h 
Institute ,  Cochin-18' . 
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3 PROTEIN EFFICIENC Y RATI O (PER ) 

I n thi s cas e th e nutritiv e valu e o f  th e dietar y protei n 
i s determine d b y th e rat e a t  whic h th e anima l  grows .  I t  i s 
define d a s th e weigh t  gai n pe r  uni t  intak e o f  protei n an d may 
be calculate d fro m th e followin g formula : 

gai n i n bod y weight.(g ) 
PER =  — _ — _ _ _ _ — _ __ 

protei n intak e (g ) 

PER wil l  var y wit h th e percentag e protei n i n th e diet ,  wit h 
a maximu m efficienc y a t  a  certai n level .  Th e determinatio n 
of  PER deman d feedin g ove r  a  longe r  period ,  an d i n fishe s an d 
crustacean s i t  i s  strongl y relate d t o th e wate r  temperature . 

4 TRUE NET PROTEIN UTILIZATIO N (NPU ) 

Thi s ter m originall y propose d b y Bende r  an d Mille r  (1953 ) 
JI B on e o f  th e mos t  use d term s i n relatio n t o protei n evaluation . 
The origina l  formul a wa s modifie d fo r  fishe s (Castel l  an d Tiew s 
1980) . 

Nl-(Nf-Nrn )  -  (NU-Nen )  -  (Nb-Neb )  Ne t  -  Nc o 
NPU •  '  — — — —— m 

Nl  N i 

wher e N i  *  nitroge n intak e 
Nf  •  faeca l  nitroge n 
Nm =  metaboli c faecal'nitroge n 
NU •  Urinar y nitroge n 

Nen • » endogenou s urinar y nitroge n 
Nb =  branchia l  nitroge n 

Neb •  endogenou s branchia l  nitroge n 
Net  •  carcas s nitroge n o f  tes t  grou p 
Nco •  carcas s nitroge n o f  grou p receivin g a  nitrogen -

fre e die t 

The firs t  fractio n i n thi s equatio n requir e determina ­
tion s o f  faeca l  an d urinar y nitroge n i n group s o n tes t  die t  a s 
wel l  a s o n non-protei n diet .  One o f  th e majo r  problem s encoun -



84 

tere d i s th e solubilit y  o f  th e faeca l  nitroge n an d collectio n 
of  thi s par t  o f  th e nitroge n i s ver y difficult'wit h th e experi ­
menta l  devise s develope d s o far . 

The secon d fraction ,  however ,  ca n b e mor e easil y applie d 
t o fishes .  Bod y nitroge n ca n b e determine d b y analysi s o f  eac h 
singl e fis h i n th e cas e o f  fingerlings ,  whereas. ,  carefu l  homogeni -
zatio n woul d giv e value s base d o n analysi s o f  sample s fro m 
large r  fish .  Th e metho d however ,  requir e adjustmen t  o f  tes t  an d 
contro l  die t  t o equa l  calori c contents . 

5 APPARENT NET PROTEIN UTILIZATIO N 
(PRODUCTIVE PROTEIN VALUE) 

I f  n o correctio n i s mad e fo r  endogenou s nitroge n losses , 
th e apparen t  ne t  protei n utilizatio n woul d b e determined .  Thi s 
functio n i s Identica l  wit h th e ter m productiv e protei n valu e 
(PPV) . 

Ni-Nf-Nu-N b N  retaine d 
app NPU »  • 

Ni  N  consume d 

wher e N b i s branchia l  nitroge n 

The advantag e o f  th e metho d i s tha t  i t  doe s no t  requir e 
a contro l  group ,  an d th e nitroge n retentio n ca n b e convenientl y 
and ver y precisel y determined .  Th e metho d i s wel l  suite d fo r 
assa y o f  differen t  proteins ,  a s th e endogenou s nitroge n may b e 
considere d equa l  i n al l  groups . 

6 BIOLOGICA L VALUE OF PROTEIN (BV ) 

I t  i s  define d a s th e percentag e o f  th e absorbe d protei n 
whic h i s utilize d b y th e body .  I n thi s cas e losse s i n digestio n 
and metabolis m ar e take n int o consideration . 

Ni-(Nf-Nm )  -  (Nu-Nen )  -  (Nb-Neb ) 
BV = 

Ni  -  (Nf-Nm ) 
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Pro m n« t  protei n utilizatio n an d protei n digestibility ,  w e 
can derive ,  thi s valu e 

BV 
Net  protei n utilizatio n 

Tru e digestibilit y  o f  protei n 
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CHAPTER I X 

DETERMINATION O F ESSENTIA L AMIN O ACI D REQUIREMENT O P PRAWN 

(Radioisotopi c trace r  method ) 

1 INTRODUCTION 

The requiremen t  o f  essentia l  amin o acid s (EAA )  ar e 

generall y estimate d o n th e basi s o f  th e followin g parameters : 

(1 )  Th e weigh t  gai n i n th e feedin g experiment s usin g th e tes t 

diet s (amin o acid-diets )  whos e protei n source s wer e replace d 

entirel y o r  partl y b y th e mixtur e o f  amin o acids ;  o r  (2 )  Th e 

dail y increas e o f  eac h EA A i n th e fis h bodie s whe n the y wer e 

fe d o n th e diet s containin g protein s wit h hig h biologica l  values . 

I n th e cas e o f  th e prawn ,  however ,  th e amin o acid-diet s 

ar e know n t o attai n onl y poo r  growt h a s als o observe d i n th e 

carp .  Thi s make s i t  difficul t  fo r  u s t o estimat e th e EA A 

requirement s o f  praw n b y th e feedin g trials .  Therefore ,  t o 

defin e th e amin o acid s essentia l  fo r  th e growt h o f  th e prawn , 

radio-isotopi c method s ar e used . 

2 PROCEDURE 

n 
2. 1 Injectio n o f  14  Acetat e t o th e praw n 

Two speciment s o f  th e prawn ,  abou t  6.0 g i n tota l  bod y 

weight ,  ar e eac h injecte d wit h 1 5 uC l  o f  14  sodiu m acetat e 

dissolve d i n 1.6yu l  o f  aqueou s solutio n containin g carrie r 

sodiu m acetat e (0.1%). Th e radioactiv e acetat e i s injecte d 

int o th e muscl e betwee n th e carapac e an d th e secon d abdomina l 

segment ,  an d the n th e prawn s ar e maintaine d o n th e fres h 

meat  o f  short-necke d cla m i n th e aquariu m (3 0 1 )  a t  25°C . 

2 - 2 Fractionatio n o f  th e praw n 

n 
Si x day s afte r  injectio n o f  1 4 acetate ,  th e whol e bod y 

of  prawn s i s fractionate d int o 4  fraction s b y th e metho d o f 

*  Prepare d b y Aklo.Kanazawa ,  Professo r  o f  Nutritiona l  Chemistry , 
Universit y o f  Kagoshima ,  Japan . 
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SCHNEIDER;  tha t  is ,  th e pravm s ar e minced ,  homogenize d 

i n a n ice-col d trichloroaceti c aci d (TCA) ,  an d sej>arate d 

int o th e TCA-solubl e compoun d fractio n an d th e residue . 

The residu a i s the n extracte d wit h organi c solvent s suc h 

as ethanol-wate r  (4:1) ,  ethanol ,  an d ethanol-ethe r  (3:1 ) 

t o giv e th e lipi d fraction .  Th e defatte d residu e i s 

furthe r  separate d int o th e protei n an d nuclei c aci d 

fraction s b y usin g a  ho t  TC A solution . 

2. 3 separatio n an d Quantificatio n o f  individua l  amin o acid s 

The protei n fractio n i s oxidize d wit h performi c 

aci d a s describe d b y HIR S an d tha n hydrolize d i n a 

seale d tes t  tub e wit h 5.7 N hydrochlori c aci d b y th e 

metho d o f  MOORE an d STEIN .  Th e performi c aci d oxidatio n 

convert s cystein e an d cystin e t o cystel c aci d an d 

methionin e t o th e correspondin g sulphone .  Th e amin o 

acid s o f  protei n hydrolysat e ar e separate d an d quanti ­

fie d b y th e metho d o f  MOORE e t  al .  usin g colum n 

chromatograph y o n Amberlit e IR-12 0 (typ e II ,  Roh m an d 

Hass co. )  wit h sodiu m citrat e buffers .  Tryptopha n i s 

als o quantifie d an d separate d i n th e sam e manne r  afte r 

hydrolyzin g th e protei n fractio n i n 5 N sodiu m hydroxid e 

solutio n a s mentione d b y 03!>SHLEGEI i  e t  al . 

2. 4 Measurement s o f  Radioactivit y 

The radioactivit y o f  lipid ,  TCA-solubl e compound , 

and nuclei c aci d fraction s fro m th e prawn s an d individua l 

amin o acid s fro m th e protei n fractio n i s measure d wt h a 

Beckman Liqui d scintillatio n Counte r  LS-23 0 usin g a 

dioxan e solutio n o f  pp o (0.6; )  an d naphthalen e (11.2/i ) 

as a  scintillatio n cocktail .  Th e radioactivit y o f 

protei n fractio n i s determine d i n th e simila r  manne r 

afte r  hydrolysi s wit h hydrochlori c acid . 



Distributio n o f  radioactivit y i n th e fraction s obtaine d 

fro m th e prawn s 6  day s afte r  injectio n o f  acetat e (3 0 iiCi ) 

Fractio n 

TCA-solubl e compound s 

Lipid s 

Nuclei c acid s 

Protein s 

Whole bod y o f  prawn s 

se a Wate r 

Tota l  radioactivit y recovere d 

Tota l  radioactivit y 

recovere d (yuc i  ) 

0.3 9 

0.7 3 

0.0 3 

0.1 5 

1.3 0 

25.8 0 

27.1 0 

Incorporatio n o f  radioactivit y int o th e individua l 

amin o acid s o f  protei n fractio n i n th e prawn s 

6 day s afte r  injectio n o f  acetat e 

Amino acid s 

Asparti c aci d 

Serin e 

Glutami c aci d 

Prolin e 

Glycin e 

Alanin e 

Cystei c aci d 

Tyrosin e 

Threonin e 

Specifi c 

activit y 

cpm/yumol ) 

203 

102 

196 

13S 

132 

187 

159 

1. 2 

1. 9 

Amino acid s 

Valin e 

Methionin e 

Isoleucin e 

Leucin e 

Phenylalanin e 

Lysin e 

:iistidin e 

Arginin e 

Tryptopha n 

Specifi c 

activit y 

(cpm /  ̂umol ) 

0. 1 

2. 5 

0. 7 

0. 1 

0. 1 

0. 2 

0. 7 

1. 2 

0. 4 
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Radioactivit y i s unambigousl y incorporate d int o 

asparti c acid ,  serine ,  glutami c acid ,  proline ,  glycine , 

alanine ,  an d cystei c acid .  Thes e amin o acid s ar e suspecte d 

t o b e unnecessar y fo r  th e prawn .  O n th e othe r  hand ,  littl e 

or  n o radioactivit y i s incorporate d int o valine ,  methionine , 

isoleucine ,  leucine ,  phenylalanine ,  lysine ,  histidine , 

arginine ,  threonine ,  en d tryptophan .  Thes e 1 0 amin o acid s 

ar e no t  synthesize d d e nov o an d ar e probabl y essentia l  fo r 

th e growt h o f  th e prawn .  Tyrosin e i s thoughft o b e forme d 

fro m th e ingeste d phenylalanine . 

3 REFERENCE 

1.  Manua l  Boo k o f  Experiments ,  Laborator y o f  Fisherie s 

Chemistry ,  Universit y o f  Kagoshima ,  Japan .  1980-81 . 



CHAPTER 1 2 

PREPARATION O F ARTIFICIA L DIET S FOR NUTRITIONA L STUDIE S 

1 TES T DIE T FOR FISHE S 

The H  44 0 standar d referenc e die t  o f  Halve r  (1969 )  has * 

prove n satisfactor y fo r  us e wit h a  variet y o f  specie s o f  fishes . 

I f  thi s exac t  formul a doe s no t  prov e satisfactor y fo r  growt h an d 

surviva l  o f  th e tes t  fish ,  sligh t  modification s o f  clearl y 

explaine d ingredien t  change s stil l  permi t  meaningfu l  comparison s 

of  th e tes t  fis h result s wit h othe r  species . 

Diet s ma y b e prepare d a s muist ,  semi-mois t  o r  dr y diet , 

or  a s a  powder ,  rolle d pellets ,  extrude d pellets ,  o r  compresse d 

pellets . 

1. 1 Standar d Referenc e Die t  H-44 0 

Complet e tes t  die t 

Vitamin-fre e casei n 

Whit e dextri n 

Gelati n 

Cor n oi l 
Cod live r  oi l 

Vitami n mixtur e 

Minera l  Mi x 

Tota l 

Water 

Tota l  die t  a s fee d 

(g > 

38 
28 
12 
6 
3 
9 
4 

100 

200 

300 

Vitami n Mixtur e 

L-cellulos e 

Cholin e chlorid e 

inosito l 

L-Ascorbi c aci d 

Nicotini c aci d 

Ca-pantothenat e 

Riboflavi n 

Thiamin e HCl 

Pyridoxin e HCl 

Menadion e (K ) 

Foli c aci d 

Vitami n B. , 

Bioti n 

L-tocopherol-acetat e (E ) 

(9 ) 

8.00 0 

0.50 0 

0.20 0 

0.10 0 

0.07 5 

0.05 0 

0.02 0 
0.00 5 

0.00 5 

0.00 4 

0.001 5 

0.001 1 

0.000 5 

0.04 0 

Universit y o f  Kagoshima ,  Japan ,  n .  Pau l  Ra j  an d 3ye d Ahame d 
All ,  Centra l  Marin e Fisherie s Researc h Institute ,  Cochin-18 . 
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Miner . j i  ;:i x 

USP XI I  No. 2 

A1C13 6H, 0 

2n S.5 4 .H 2O 

cuc i 

MnS04 

KI 
coci 2 

H20 

6H20 

(g > ugp X I I  MO. 2 

99.5 0 Calciu m Diphosphat e 

0.01 5 Calciu m lactat e 

0.30 0 Ferri c citrat e 

0.01 0 Magnesiu m sulphat e 

0.08 0 Potassiu m phosphat e 

(dibasic ) 

0.01 5 Sodiu m Diphosphat e 

0.10 0 Sodiu m chlorid e 

(9) 

13.53 
32.70 
2.97 

13.20 

23.98 

99.50 

1. 2 Preparatio n o f  Halver' s die t 

Gelati n 

Take i n th e container ,  ad d col d wate r  an d hea t  wit h 

stirrin g i n a  wate r  bat h a t  80° C t o dissolv e gelatin , 

remov e fro m hea t 

add wit h stirrin g -  dextri n (first )  casei n (second ) 

minerals. ,  oil s  an d vitamin s a s temperatur e decreas e 

mi x wel l  unti l  th e temperatur e decrease d t o 40' C 

Warm die t 

transfe r  int o anothe r  containe r  pu t  int o th e 

refrigerato r  a t  5" C 

Artificia l  die t 

Mi x L-tocophero l  wit h oil s 

Mi x 1  par t  o f  vitamin s wit h 8  part s o f  L-cellulos e an d 

Add vitami n B, 2 i n wate r  durin g fina l  mixing . 

2 TES T DIE T FOR TH E PRAWN,  PBHAEJS JAP0NICU 3 

Ingredient s 

Casei n (vitamin-free ) 
Clucos e 

Sucros e 

a 
50. 0 
5. 5 

10. 0 



Ingredient s £ 

a-Starcl i 

Glucosamin e nc i 

Sodiu m citrat e 

Sodiu m succinat e 

Cholestero l 

Pollac k live r  oi l 

Minerals* 1 

Vitamins* 2 

Cellulos e powde r 

+ Wate r  130-13 5 ml 

4. 0 

0. 3 

0. 3 

0. 3 

0. 5 

12. 0 

3. 5 

3. 2 

1. 9 

100.0 2 

*1 ,  * 2 Mineral s an d vitamin s fo r  thejjtes t 

die t  o f  prawn ,  P .  {aponlcu s 

Vitamin s 

Thiamin e HC1 (B x) 

Riboflavi n (B 2) 

P.  Aminobenzoi c aci d 

Bioti n 

Inosito l 

Niaci n 
Ca Panthothenat e 

Pyrldoxln e HC1 

22 Vitamin s 

4. 9 Menadion e 

8; 0 ^-Caroten e 

10. 0 a^Tocophero l  (vitami n E ) 

0. 4 Caiciphero l 

00. 0 Cyanocobalamin e (B,, ) 

40. 0 N a Ascorbat e (vitami n C ) 

60. 0 Foli c aci d 

12. 0 Cholin e HCl 

4. 0 
9. 6 

20. 0 

1. 2 
0.0 8 

2000.0 0 

0.3 0 

600.0 0 

Tota l 3200 0 

Mineral s 

K2HP04 

Ca3 (P0 4 ) 2 

NaH2P042H20 

MgS047H20 

HnS045H20 
FeS0.7 H 0 

2 

2. 0 
2.7 2 

0.7 9 

3.0 2 

0.00 4 

0.01 5 

Tota l 8.54 9 
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2. 1 Preparatio n o f  Tes t  Diet 3 fo r  th e Praw n 

i )  Vitamin s ar e dissolve d i n eithe r  wate r  o r  ethano l 

and store d i n a  refrigerato r  a t  S°C . 

ii )  Mineral s ar e powdere d int o a  fin e particl e wit h a 

•iiorta r  an d mixe d well . 

iii )  Th e p H o f  die t  i s  adjuste d wit h 0.5N-NaO H (i n mos t 

case ,  65-7 0 ml .  o f  0.5N-NaO H solution )  t o p H 6.3-7. 0 

(optimu m p H fo r  th e praw n diet) . 

Detaile d procedures : 

Al l  th e ingredient s ar e weighe d an d powdere d int o a 

fin e particle .  Casein ,  glucose ,  sucrose ,  a-starch ,  gluco ­

samin e HC1 ,  N a citrate .  H a succinate ,  cholesterol ,  an d aga r 

ar e combine d an d mixe d thoroughly .  T o this ,  cellulos e powder , 

minerals ,  vitamins ,  an d pollac k live r  oi l  -er e adde d i n tur n 

and mixe d well .  Finally ,  distille d wate r  (130-13 5 ml )  i s 

adde d t o th e mixtur e o f  dr y ingredient s an d mixe d again ,  th e 

pH o f  die t  bein g adjuste d t o p H 6.8-7. 0 wit h 0.5N-NaO H (o r 

1N-HC1) .  Th e mixtur e s o obtaine d i s heate d i n autoclav e 

(withou t  additio n o f  pressure )  a t  100° C fo r  1 0 min .  Th e 

containe r  i s take n ou t  fro m th e autoclave ,  an d th e ingre ­

dient s ar e mixe d wel l  an d agai n heate d a t  100° C fo r  1 0 min , 

by th e sam e manner .  Th e heate d mixtur e o f  th e ingredient s 

i s packe d int o th e plasti c tuba s (Cleharo n tubes )  b y th e 

simila r  manne r  t o tha t  ; f  casin g o f  sausage-making .  Th e 

case d die t  i s  agai n heate d a t  100° C fo r  1 0 min .  an d the n 

cooled . 

3 REF3SSMCES 

1.  Castell ,  J.D .  Repor t  o f  th o 2IFAC ,  rail  3  an d I C E S 

and K .  Tiew s workin g grou p o n .-standardisatio n o f 

1930 methodolog y i n fis h nutritio n researc h 

EIFA C Technica l  Papq r  Wo.  36 .  2 4 pp . 
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Chemistry ,  Universit y o f  Kagoshlma ,  Japan ,  1930-31 , 
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CHAPTER 1  •> 

FEED FORMULATION MKTHODS 

1 INTRODUCTION 

The requirement s fo r  protei n an d energ y level s o f  th e 

candidat e specie s shoul d b e balance d i n th e formul a diets .  I n 

addition ,  th e specifi c  amin o aci d levels ,  vitami n level ,  minera l 

leve l  an d roughag e shoul d als o b e balanced .  Sac h fee d ingredien t 

i n an y fee d formulatio n shoul d serv e som e specifi c  purpose ,  an d 

hav e leas t  cost .  Usuall y i n anima l  diet s th e protei n leve l  i s 

adjuste d firs t  an d th e energ y leve l  i s  adjuste d b y additio n o f 

hig h energ y supplements . 

2 SQUARE METHOD 

2. 1 Balancin g crud e protei n leve l 

2.1.1 .  Usin g tw o ingredients : 

Usin g ric e bra n (crud e protei n 9;i )  an d groun d nu t 

cak e (C.P .  45"4 )  a  fis h die t  wit h 27% crud e prot«i n ca n 

be prepare d a s follows : 

A squar e i s constructe d an d th e tw o ingredient s ar e 

put  o n th e tw o lef t  corner s alon g wit h th e protei n conten t 

of  each .  Th e desire d protei n leve l  o f  th e fee d i s place d 

i n th e middl e o f  th e square ,  nex t  th e protei n leve l  o f 

Ric e bra n 9.0 ,  .  ,r t  r i 

Groun d nu t  *  ^13. 0 
cak e 4i% 

th e fee d i s substracte d fro m tha t  o f  th e ingredient s an d 

th e answe r  i s place d i n th e opposit e corner .  Th e positiv e 

or  negativ e sig n i s ignored . 

*  Prepare d b y Sye d Aharne d All ,  Centra l  Marin e Fisherie s Researc h 
Institute ,  Cochin-13 . 
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Now ad d th e figure s o n th e righ t  s.id o corne r  o f  th e 

squar e 1 3 +  1 3 =  3 6 

13 
Then th e ; i  o f  rieebra n =  — X  10 0 =  50/ S 

36 

13 
•'.'>  o f  groun d nu t  cak e =  — X  10 0 •  50/ S 

36 

To mak e 10 0 k g o f  feed ,  5 0 k y o f  rieebra n an d 5 0 k g 

of  groundnu t  cak e hav e t o b e utilised . 

2.1. 2 Usin g mor e tha n tw o ingredients : 

Usin g praw n wast e (C.P .  35%) ,  fis h mea l  (C.P .  60/.;) , 

wheat  bra n (C.P .  15% )  an d tapioc a (C.P .  2;i )  a  praw n die t 

wit h 32: 4 crud e protei n ca n b e prepare d a s follows : 

Grou p th e ingredient s wit h les s tha n 20" .  crud e protei n 

and averag e thei r  protei n conten t 

Wheat  bra n 

Tapioc a 
15 
2 

17 

8. 

/ 

5?i Averag e = 

tha n 
Grou p th e ingredient s wit h more/20 % crud e protei n 

and averag e thei r  protei n conten t 

Fis h mea l 

Prawn wast e 

Averag e = 

6CM 
35?; 
— 
95 
—— 
47.5: ; 

Now th e average d protei n content s ar e pu t  o n th e tw o lef t 

corner s o f  th e square ,  an d th e res t  i s  same . 

Wheat  bra n + 

tapioc a 

Prawn wast e + 

fis h mea l 

i.5:; r 

47. 5 

H.5. 5 

24. 5 
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Now ad d th e figure s o n th a righ t  han d sid e corner s o f  th e 
square . 

15. 5 +  24. 5 =  40. 0 
15.5 

Wheat bran + tapioca - — X 100 = 38.75 
40 

24. 5 
Prawn wast e +  fis h mea l  «  — — X  10 0 =  61.2 5 

40 

Wheat  bra n 
Tapioc a 
Prawn wast e 
Fis h mea l 

= 38.75/ 2 -  19.375 % 
= 38.75/ 2 -  19.375 % 
-  61.25/ 2 -  30.625 % 
-  61.25/ 2 -  30.625 % 

The compositio n o f  th e fee d i s 

Prawn wast e 
Fis h mea l 
Wheat  bra n 
Tapioc a 
Tota l 

30.625 % 
30.625 % 
19.375 % 
19.375 % 

100.0 0 

r 

2. 2 Balancin g energ y level s 

The squar e metho d ca n als o b e use d t o calculat e th e 
proportio n o f  fee d ingredient s t o mi x togethe r  t o achiev e 
a desire d dietar y energ y level . 

Usin g whea t  flou r  166 3 Kca l  Me/k g an d fis h mea l  437 1 Kca l 
Me/kg ,  a  fee d containin g 250 0 Kca l  Me/k g ca n b e prepare d 
as follows : 

u . . 
Wheat  flou r  166 3 ̂  v  ' ^  187 1 

Kcal 

Fis h mea l 4371 
Kcal 
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1871 
Wheat  flour -  »  X  10 0 »  69. 1% 

2708 

837 
Fis h mea l  «  X  10 0 -  30.9 % 

2708 

To mak e 10 0 k g o f  th e fee d wit h 250 0 Kca l  o f  M^k g w e hav e 
t o mi x 69. 1 k g o f  whea t  flou r  an d 30. 9 k g o f  fis h meal . 

The squar e metho d canno t  b e use d t o balanc e fo r  bot h 
crud e protei n leve l  an d energ y leve l  simultaneously . 

REFERENCE 

1.  Hardy ,  R .  Pis h fee d formulation .  I n Fis h fee d 
1980 Technology ,  Aquacultur e Developmen t  an d 

Coordinatio n Programme ,  FA 0 ADCP/Rep / 
80/11 .  p .  233-23 9 
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CHAPTER 14 

* 
DESIGNING FIS H AMD SHELLFIS H NUTRITIO N EXPERIMENTS 

1 INTRODUCTION 

Statistica l  metho d i s a  powerfu l  too l  i n experimenta l 

investigations ,  whil e plannin g an d implementin g experimenta l 

programmes ,  thi s faet ,  howeyer ,  ha s bee n ofte n ignore d b y man y 

investigator s ma y Mae du e t o lac k o f  familiarit y wit h th e subject , 

as th e foundation s o f  statistica l  scienc e ar e mathematical .  Bu t 

th e logica l  reasonin g an d principle s underlyin g th e statistica l 

method ,  ar e no t  difficul t  t o comprehen d an d th e actua l  applica ­

tio n o f  thes e method s i n designin g experiment s an d analysin g th e 

resul*in t  dat a ar e relativel y straight-forwar d an d i n man y case s 

fairl y simple .  Th e presen t  articl e give s i n brie f  th e rol e o f 

statistica l  designin g i n experiment s wit h specia l  referenc e t o 

fis h an d shellfis h nutrition .  A  fe w design s whic h ca n b e use d 

i n nutritio n experiment s ar e als o deal t  with . 

2 WHAT I S STATISTICA L DESIGNIN G T O A N EXPERIMENTER 

The formulatio n an d testin g o f  hypothesi s ar e th e nai n 

feature s o f  a  scientifi c  metho d (Kempthorne ,  1972) .  A  researche r 

postulate s a  hypothesi s whic h h e woul d lik e t o verify .  Thi s 

verificatio n necessitate s th e collectio n o f  observation s throug h 

an experimen t  an d th e designin g o f  experimen t  i s concerne d wit h 

th e patter n o f  observation s t o b e collecte d whic h shoul d b e 

relevan t  t o hi s hypothesis .  Statistica l  designin g involve s th e 

formulatio n o f  a  schem e o r  lay-ou t  pla n wher e th e placement s o f 

treatment s i n experimenta l  unit s ar e specifie d t o mee t  th e 

objective s o f  th e particula r  proble m whil e keepin g i n vie w th e 

statistica l  requirement s lik e randomisation ,  replicatio n an d 

loca l  control .  (Th e ter m 'treatments '  i s  use d her e i n a  genera l 

way an d ma y mea n leve l  o f  feeding ,  dose s o f  stimulants ,  stockin g 

densities ,  etc.) .  Th e experimente r  mus t  hav e suc h a  lay-ou t  pla n 

befor e administerin g th e treatment s s o a s t o enabl e hi m t o arriv e 

at  vali d conclusions ,  th e logi c o f  whic h i s acceptabl e t o th e 

concerne d scientifi c  community . 

*  prepare d b y T .  Jacob ,  centra l  Marin e Fisherie s Researc h 
Institute ,  "tochin-18 . 
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3 Wi-I Y STATISTICA L DESIGNIN G 

Variabilit y  i n experimenta l  materia l  i s  a n inevitabl e 

featur e i n an y fiel d o f  research .  Conside r  fo r  exampl e tw o 

fis h cultur e ponds ,  kep t  almos t  unde r  identifica l  condition s 

wit h sam e species ,  stockin g density ,  etc .  A t  th e harvestin g 

tim e on e woul d fin d tha t  th e yiel d o f  on e pon d i s differen t 

fro m th e other .  Thi s ma y b e attribute d t o th e uncontrolle d 

or  rando m variatio n Inheren t  i n th e productio n process . 

Conside r  agai n tw o pond s kep t  a s simila r  a s possibl e excep t 

tha t  i n on e pon d supplementar y feedin g i s provided .  Her e 

agai n a t  th e harvestin g tim e th e yield s woul d b e foun d t o b e 

different .  Ca n w e straigh t  awa y attribut e th e differenc e t o 

th e effec t  o f  th e supplementar y feeding ? We cannot .  Ma y b e 

supplementar y feedin g di d no t  contribut e i n an y wa y t o th e 

differenc e i n yiel d an d th e differenc e coul d b e purel y du e 

t o th e uncontrolle d inheren t  variation .  Difference s ar e 

expecte d eve n whe n similarit y i s maintaine d i n th e tw o ponds . 

One migh t  the n sa y tha t  i f  th e differenc e i s quit e hig h i t 

can b e attribute d t o th e leve l  o f  feeding .  Bu t  ho w hig h th e 

differenc e shoul d b e t o attribut e i t  t o th e leve l  o f  feeding ? 

The answe r  become s quit e subjective .  Thu s variatio n introduce s 

a degre e o f  uncertaint y t o th e conclusion s tha t  ar e drav/ n fro m 

th e results .  A  mathematica l  measur e o f  uncertaint y i s proba ­

bility ,  th e theor y o f  whic h enable s u s t o mak e numerica l 

statement s abou t  uncertai n outcomes .  Bu t  thi s i s possibl e 

onl y i f  th e experimen t  i s planne d takin g int o consideratio n 

th e statistica l  principles ,  onl y a  statisticall y designe d 

experimen t  ca n permi t  a  vali d tes t  o f  significanc e involvin g 

probabilit y  statement s whethe r  a  particula r  differenc e i s du e 

t o chanc e cause s o r  ca n b e attribute d t o rea l  differenc e 

betwee n treatmehts . 

I n practica l  experimentatio n on e grea t  difficult y i s 

tha t  factor s extraneou s t o thos e unde r  stud y mas k th e rea l 

treatmen t  effects .  A  statisticall y planne d experimen t  attempt s 

t o reduce '  th e effec t  o f  extraneou s factor s fro m treatmen t 

comparison s an d als o ha s man y desirabl e properties . 



101 

4 CONTROL OP 3XP2rJin-JKTAL ERROR 

The extraneou s variatio n mentione d earlie r  i s  convention ­

all y terme d a s 'experimenta l  error '  wher e th e wor d 'error '  i s 

not  synonymou s wit h mistake s bu t  indicat e al l  type*o f  extraneou s 

variatio n (Cochra n e t  cd ,  1973) .  Ther e ar e tw o source s o f 

experimenta l  error *  on e refer s t o th e inheren t  variabilit y  i n 

th e experimenta l  materia l  o r  unit s t o whic h th e treatment s ar e 

applie d an d th e othe r  typ e refer s t o th e failur e t o standardis e 

th e experimenta l  technique .  I t  i s  desirabl e tha t  th e experimenta l 

erro r  i s kep t  a s minimu m a s possibl e a s otherwis e onl y a  larg e 

differenc e i n th e treatmen t  mean s wil l  b e detecte d a s significant . 

Reductio n o f  experimenta l  erro r  automaticall y increase s th e 

precision .  feOne  wa y t o reduc e th e erro r  i s b y ensurin g uniformit y 

i n th e conduc t  o f  th e experiment .  TIT O othe r  method s t o effec t 

th e reductio n o f  th e erro r  ar e on e b y providin g mor e replication s 

and th e othe r  b y skilfu l  groupin g o f  unit s i n suc h a  wa y tha t  th e 

uni t  t o whic h on e treatmen t  i s applie d ar e closel y comparabl e 

wit h thos e t o whic h anothe r  treatmen t  i s applied .  Seme o f  th e 

genera l  principle s governin g thes e method s an d othe r  relate d 

aspect s ar e elaborated . 

5 REPLICATION ,  RANDOMISATION AN D LOCAL CONTROL 

Two primar y requisite s i n designin g experiment s ar e 

replicatio n an d randomisation .  Replicatio n o r  repetitio n o f 

treatment s provide s stabilit y  t o th e mea n bu t  mor e tha n tha t 

makes i t  possibl e t o estimat e th e experimenta l  error .  I t  als o 

increase s th e precisio n o f  tn e estimate s o f  bot h th e treatmen t 

mean an d th e experimenta l  error . 

Randomisatio n whic h mean s rando m allocatio n o f  treatment s 

t o variou s experimenta l  units ,  ensure s tha t  a  treatmen t  wil l  no t 

bQ undul y favoure d o r  handicappo d i n successiv e replications . 

I t  ensure s unbiassednes s o f  th e estimate s o f  experimenta l  erro r 

and provid e fo r  vali d treatmen t  comparison s agains t  th e experi ­

menta l  erro r  (Fisher ,  1949) .  r rho n treatment s ar u replicate d 

and allocate d randoml y t o th e variou s unit s w e ar e i n a  positio n 

t o tes t  th e significanc e o f  observe d treatmen t  difference s b y 
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th e us e o f  tes t  o f  significanc e procedures .  Thu s i t  i s 

essentia l  t o provid e fo r  adequat e numbe r  o f  replication s an d 

ensur e prope r  randomisatio n a t  th e plannin g stag e (Pans e e t  al i 

1964) . 

Groupin g o f  Unit s ofte n hel p i n reducin g experimenta l 

error .  Thu s i f  th e experimenta l  unit s for m a  ver y heterogeneou s 

set ,  tr y t o grou p then i  s o tha t  unit s i n th e sam e replicat e coul d 

be large .  B y thi s process /  fro m th e tota l  variatio n i n th e 

observation s th e variatio n betwee n replicate s ca n b e remove d 

resultin g i n th e reductio n i n th e erro r  varianc e (experimenta l 

error) .  Th e devic e o f  reducin g error s throug h suitabl e grouping s 

i s calle d loca l  control ,  lookin g fro m anothe r  angle ,  i f  treat ­

ment s ar e allotte d t o a  replicatio n wit h homogeneou s unit s th e 

observe d difference s woul d reflec t  th e rea l  difference s betwee n 

th e treatmen t  effects .  Th e principl e o f  loca l  contro l  i s  th e 

basi s fo r  experimenta l  design s suc h a s 'randomise d blocks '  an d 

'lati n squares' .  When th e numbe r  o f  treatment s t o b e accommo ­

date d i n a  replicat e become s large ,  th e homogeneit y withi n a 

replicat e tend s t o b e los t  an d ca n b e restore d b y dividin g th e 

replicatio n int o smalle r  block s whic h i s th e basi s o f  'confound ­

ing '  i n factoria l  experiment s an d als o variou s 'incomplet e bloc k 

designs '  (Cochra n e_ t  al» ,  1973) . 

6 SOME USEFUL PIAN S 

6. 1 Randomise d bloc k 

one o f  th e mos t  commonl y use d plan s i s th e randomise d 

bloc k desig n wher e experimenta l  materia l  i s  divide d int o 

block s eac h o f  whic h constitut e a  singl e replicat e I n suc h 

a wa y tha t  th e unit s withi n a  bloc k i s a s homogeneou s a s 

possible .  Th e treatment s ar e no w randoml y allotte d t o th e 

experimenta l  unit s withi n a  block .  Thi s increase s th e 

comparabilit y  o f  treatmen t  effect s a s the y ac t  unde r  condi ­

tion s whic h ar e simila r  excep t  fo r  th e treatments .  Fo r 

instanc e i n a n experimen t  t o selec t  a n economi c supplementar y 

fee d mixtur e Irro m amon g 4  prepare d mixture s fo r  praw n 

culture ,  4  pond s al l  locate d b y th e sid e o f  th e mai n wate r 
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body lik e th e backwate r  o r  estuary ,  coul d b e groupe d a s on e 
bloc k o r  replicatio n an d allo t  treatment s .a t  random .  Th e 
nex t  4  coul d b e pond s runnin g paralle l  t o th e firs t  se t  bu t 
more Insid e th e lan d s o tha t  withi n a  bloc k salinit y an d 
associate d feature s are,likel y t o b e similar .  Thi s arrange ­
ment  take s car e t o a  goo d exten t  salinit y gradien t  likel y t o 
be reducin g whe n move d awa y fro m th e mai n wate r  body .  I n 
th e experimen t  i f  ther e ar e 5  replication s ther e wil l  b e 
totall y 2 0 ponds ,  x f  al l  th e 2 0 pond s ar e mor e o r  les s 
simila r  n o blockin g o r  stratificatio n i f  require d an d th e 
treatment s coul d b e randoml y allotte d ove r  th e entir e rang e 
of  th e 2 0 ponds ,  suc h a  desig n i s calle d completel y rando ­
mise d design .  However ,  i f  heterogeneit y i n th e feature s o f 
th e pond s i s suspecte d i t  i s  desirabl e t o provid e block s 
whic h ma y hel p i n reducin g th e experimenta l  error .  It i  ma y 
be state d her e tha t  i f  two-wa y heterogeneit y i s suspecte d a 
latin-squar e desig n ha s t o b e followe d instea d o f  randomise d 
bloc k desig n whic h take s car e o f  onl y one-wa y heterogeneity . 

•. 2 Factoria l  experiment s i n complet e an d incomplet e block s 

Conside r  a n experimen t  t o stud y th e effec t  o f  differen t 
level s o f  protei n an d energ y o n bod y weigh t  o f  fis h i n 
cultur e ponds .  I f  ther e are ,  say ,  2  level s fo r  eac h facto r 
ther e wil l  b e i n al l  4  ( 2 )  treatmen t  combinations .  A  grou p 
of -  treatment s whic h contain s tw o o r  mor e levels ,  o f  tw o o r 
more factor s i n al l  combinatio n i s know n a s th e factoria l 
arrangement .  Th e differen t  combination s coul d be -  allotte d 
as i n a  randomise d block-design .  Th e experimente r  coul d 
tr y a  one-factor-at-a-tim e approach .  Bu t  th e advantag e i n 
a factoria l  experimen t  i s tha t  no t  onl y th e mai n effect s bu t 
als o th e interaction s betwee n factor s ca n b e studie d an d 
teste d fo r  statistica l  significance . 

I f  th e numbe r  o f  factor s an d level s ar e larg e sa y 3 
factor s a t  3  level s each ,  th e numbe r  o f  treatment > combinationV . 
wil l  b e 27 .  i t  may b e difficul t  t o ge t  2 7 experimenta l  ponds , 
whic h ar e mor e o r  les s homogeneou s wit h regar d t o factor s 
othe r  tha n bein g teste d s o tha t  th e principl e o f  stratifica ­
tio n t o reduc e experimenta l  erro r  canno t  b e implemented .  A n 
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ingeniou s devic e t o overcom e thi s situatio n i a calle d 
confoundin g wher e a  homogeneou s bloc k wil l  no t  accommodat e 
th e ful l  replication .  On e replicatio n i s divide d int o say , 
3 compac t  block s suc h tha t  th e unit s i n th e smalle r  block s 
ar e homogeneous .  Th e 2 7 treatmen t  combination s ca n b e 
divide d int o 2  group s o f  9  eac h an d allotte d t o th e 3  compac t 
blocks .  Howeve r  som e o f  th e treatmen t  comparison s wil l  no t 
be distinguishabl e fro m blockdlfference s o r  i n othe r  words , 
get  confounde d wit h bloc k differences .  Thu s som e sacrifice s 
hav e t o b e made .  Bu t  a t  th e plannin g stag e thi s aspec t  ca n 
be considere d an d th e schem e ca n b e s o forme d tha t  al l  majo r 
and importan t  comparison s ar e kep t  fre e fro m bloc k differen ­
ces .  Factoria l  set-u p ca n b e easil y superimpose d i n poly -
cultur e experiment s in ;  pen s o r  i n ponds . 

6. 3 Switch-ove r 

Ther e ar e occasion s i n whic h treatment s ar e applie d i n 
sequenc e ove r  severa l  period s o n a  grou p o f  individuals . 
ConsfcB r  a n experimen t  t o stud y th e effec t  o f  minera l 
supplementatio n o f  tw o type s i n lobster s kep t  i n artificia l 
tanks .  I f  ther e ar e sa y si x group s o f  lobster s separate d 
and kep t  i n tank s wit h sub-partitioning ,  the n th e tw o type s 
of  supplementation s ar e give n suc h tha t  hal f  th e group s 
receive d say ,  typ e A  an d th e othe r  hal f  typ e B  i n perio d 1 . 
The lobster s receivin g typ e A  i n perio d 1  wil l  b e switche d 
ove r  t o ge t  typ e B  i n perio d 2  an d vis e versa .  Suc h a 
desig n i s calle d switch-ove r  o r  change-ove r  design .  (Federer , 
1967) .  O n th e othe r  han d i f  a  tim e tren d i s expecte d i n th e 
characte r  unde r  stud y a  switch-bac k o r  a  doubl e reversa l 
desig n wil l  hav e t o b e used .  I n thes e procedure s a  res t 
perio d i s t o b e provide d betwee n tw o treatmen t  period s s o 
tha t  ther e i s n o carr y ove r  effec t  o r  residua l  effec t 
influencin g th e treatment s durin g th e secon d period .  Howeve r 
i f  a  reasonabl y lon g res t  perio d i s no t  feasibl e o r  th e 
residua l  effec t  i s  itsel f  a  topi c o f  interes t  th e procedur e 
i s t o b e modifie d s o tha t  direc t  an d residua l  effect s o f 
treatment s ca n als o b e measured . 



7 DISCUSSIO N 

The nee d fo r  statistica l  designin g i n scientifi c 

experimentatio n an d som e common desig n whic h ca n b e use d I n 

fis h nutritio n researc h hav e bee n deal t  wit h i n th e precedin g 

paragraphs .  Ther e ar e severa l  design s availabl e i n statistica l 

literatur e account s o f  whic h ar e detaile d i n th e referencescited . 

onc e a  desig n i s fixe d th e dat a collecte d shoul d b e 

analyse d b y followin g procedure s relevan t  t o th e design .  Th e 

detail s o f  th e procedure s o f  analysi s correspondin g t o eac h 

desig n ar e availabl e i n th e reference s mentioned . 

The importanc e o f  reducin g experimenta l  erro r  ha s bee n 

stresse d an d loca l  contro l  metho d ha s bee n mentione d a s a 

procedur e t o achiev e it .  i n additio n ther e i s a  purel y stati ­

stica l  procedur e t o reduc e experimenta l  erro r  calle d analysi s 

of  covarianc e techniqu e vhere .  informatio n o n a  suitabl y chose n 

auxiliar y variabl e i s use d t o buil d u p a  regressio n relationshi p 

fo r  adjustin g th e erro r  varianc e (Snedeca r  e t  al ,  1967) .  Fo r 

instanc e i n a  pe n cultur e experimen t  i f  th e bod y weight s o f  th e 

fis h release d int o th e pen s ar e initiall y  no t  th e same ,  th e 

treatmen t  comparison s ma y ge t  vitiate d an d erro r  increased .  Th e 

influenc e i f  an y o f  th e differin g bod y weight s o n th e characte r 

unde r  stud y ca n tea  assesse d an d i f  foun d significan t  necessar y 

adjustment s ca n b e mad e throug h analysi s o f  covarianc e procedures . 

The cos t  involve d i n mericultur e experiment s wil l  b e 

generall y hig h compare d t o experiment s o n land .  Replicatio n 

bein g on e o f  th e essentia l  feature s o f  designing ,  a  questio n 

ofte n aske d i s wha t  woul d b e th e minimu m numbe r  o f  replication s 

require d t o rende r  tes t  o f  significanc e sufficientl y sensitiv e 

t o detec t  rea l  treatmen t  differences .  Tni s depend s o n th e 

magnitud e o f  variatio n i n th e experimenta l  units .  I f  th e magni ­

tud e i s Know n th e numbe r  o f  replication s require d fo r  detectin g 

a particula r  differenc e wit h a  certai n leve l  o f  confidenc e ca n 

be worke d out .  A  fai r  ide a o f  th e magnitud e o f  variatio n ca n 

be obtaine d froi u availabl e feed-bac k dat a o r  b y conductin g a 

uniformit y tria l  wher e a  particula r  cro p i s grow n i n severa l 

contiguou s small-size d pond s wit h unifor m treatmen t  an d studyin g 
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th e variatio n i n th e yield s fro m thes e unit s fPanr e e t  al ,  1965) . 

I n fac t  informatio n fro m uniformit y trial s woul d facilitat e 

preparatio n o f  contou r  map 3 an d hel p i n th e formatio n o f  lay-oa t 

plan s fo r  th e experiment . 

Ther e ar a worker s wh o d o no t  bothe r  t o follov ;  a  desig n 

but  wan t  t o analys e th e dat a statistically .  Some other s follov ; 

a desig n bu t  ar e satisfie d wit h som e minimu m analysis ,  T t  i s 

essential ,  i n scientifi c  experimentatio n t o follo w a  suitabl e 

desig n an d mak e a  comprehensiv e analysi s o f  th e valuabl e 

resultan t  dat a throug h appropriat e statistica l  procedures .  Th e 

tw o aspect s g o han d i n hand . 
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9 APPST)I X iv > CIAT'TT: -

S.l I l l u s t r a t i on 

A ranilo-T.lEO-l Mock design v.'as employed for carrying' out 
a nu t r i t i on ex..-ori.i'.'nt to r.tudy Use co ivarut ive e f fect of 



differen t  supplementar y feed s (treatments )  o n growt h o f 
sillag o fish ,  keepin g factor s othe r  tha n fee d uniform . 

Number  o f  replications !  Fou r  (R. ,  R~ ,  R ,  an d R. ) 

Number  o f  treatments :  Five ,  on e contro l  (T. )  an d fou r 
supplementar y feed s (T, ,  T- ,  T .  an d T 5) 

Tota l  numbe r  o f  pond s use d =  4  X  5  «  2 0 

The pond s wer e groupe d int o replication s suc h tha t  th e 
fiv e pond s i n on e replicatio n v;er e a s simila r  a s possible . 
I n eac h replicatio n th e treatment s wer e allotte d a t  random . 
The lay-ou t  pla n i s show n below : 

T2 

T4 

Tl 

T5 

T3 

T4 

T l 

T5 

T3 

T2 

The figure s o f  th e gai n i n weigh t  o f  fis h (gms./fish )  fo r 
eac h o f  th e pond s a t  th e end ,  o f  th e experimenta l  perio d ar e 
give n i n th e followin g table . 

Replicatio n 

Treatmen t 

1 
2 

,  3 
4 
5 

Tota l 

1 

24 
25 
24 
33 
34 

140 

2 

25 
22 
26 
36 
33 

142 

3 

23 
24 
21 
32 
31 

131 

4 

21 
19 
22 
31 
29 

122 

Tota l 

93 
90 
93 

132 
127 

535 

/analys e th e dat a an d dra w conclusions . 
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9.1. 1 Step-by-ste p procedur e 

9.1.1. 1 Totals : 

(a )  Th e replicatio n total s are : 

R := 2 4 + 2 5 + 2 4 + 3 3 + 34 • 140 

R2= 2 5 + 2 2 + 2 6 + 3 6 + 33 = 142 

R3= 2 3 + 2 4 + 2 1 + 3 2 + 31 = 131 

R4= 2 1 + 1 9 + 2 2 + 3 1 + 29 = 122 

(b )  Th e treatmen t  total s are : 

T l = 

V 
T3= 

v 
Tr -

24 

25 

24 

33 

34 

+ 2 5 

+ 2 2 

+ 2 6 

+ 3 6 

+ 3 3 

+ 2 3 

+ 24 

+ 2 1 

+ 3 2 

+ 3 1 

+ 2 1 

+ 1 9 

+ 2 2 

+ 3 1 

+ 2 9 

= 9 3 

= 9 0 

= 9 3 

= 13 2 

= 12 7 

(c )  Th e gran d tota l  i s 

G.T =  14 0 +  14 2 +  13 1 +  12 2 =  53 5 

9.1.1. 2 Sums o f  square s (5.S.) : 

(a )  Total : 

Crud e 3.S .  =  24 2 +  25 2 +  .. .  +  29 2 =  14811.0 0 

(535) 2 (2 0 terms ) 
Correctio n facto r  =  =  14311.2 5 

20 

Correcte d S.S .  =  crud e S.s .  -  C.F .  =  499.7 5 

(b )  Replication : 

Crud e S.S .  =  £  (140 2+142 2+131 2+122 2)  =  14361.8 0 

C.F .  =  14311.2 5 

Correcte d 3.3 .  =  50.5 5 
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(c )  Treatments : 

Crud e S.S .  »  i  (93 2+902+932+132 2+137 2)  «  14737.7 5 

C.F .  =  14311.2 5 

Correcte d S.S .  --=426.5 0 

(d )  Erro r  S.S .  i s  obtaine d b y substractio n o f  correcte d 
S.S .  fo r  replicatio n an d treatmen t  fro m th e correct ­
ed tota l  S.S . 

Erro r  S.S .  -  499.7 5 -  50.5 5 -  426.5 0 =  22.7 0 

9.1.1. 3 Formatio n o f  analysi s o f  varianc e table : 

A N  0  V  A 

Sourc e o f  variatio n D.F .  S.S .  M.S.S .  F 

Replicatio n 
Treatment s 
Erro r 

Tota l  *  1 9 499.7 5 

* *  Significan t  a t  1 % leve l 

I t  ca n b e see n fro m th e tabl e tha t  th e treatmen t  effec t 
i s  highl y significan t  (15 4 level) .  Als o th e replicatio n 
effec t  i s  highl y significan t  indicatin g tha t  th e groupin g 
of  pond s ha s bee n effectiv e i n reducin g th e error . 

9.1.1. 4 Calculatio n o f  standar d error s (S.E. )  fo r  th e 
compariso n o f  tw o differen t  means ; 

(a )  S.E .  o f  an y treatmen t  mean . 

3 
4 

12 

50.5 5 
426.5 0 

22.7 0 

16.8 5 
106.6 3 

1.8 9 

* * 
8.9 4 

56.42* * 

Error U.S. / 1.89 
_ = / = 0.69 

No. of rep l ica t ions / 4 
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(b )  S.E .  o f  differenc e betwee n an y tw o treatmen t  msans . 

_ A2(E J 

' ' d M NOT 

(Erro r  M.S. )  /3.7 8 
S.E.. ,  = /  =  /  =0.9 7 

of  replication s 

(c )  Critica l  differenc e (CD. )  a t  1 % leve l  fo r  comparin g 
two means . 

m S. E x  t 0 -. ,  wher e t _ -. .  refer s t o th e 't '  valu e 

at  1% ieve l  fo r  1 2 d.f .  =  0.9 7 X  3.0 5 =  2.9 6 

Note :  CoraparLn g tw o individua l  mean s i s t o b e resorte d 
t o only ,  i f  F  test ,  whic h i s a n overal l  test ,  l a 
foun d t o b e significant . 

9.1.1. 5 Summary tabl e o f  means : 

Mean gai n i n weigh t  (gm/fish )  fo r  differen t  feed s 

T4 T 5 T 3 T x T 2 

33.00 31.75 23.25 23.25 ' 22.50 

Note :  Feed s whic h d o no t  diffe r  significantl y a s ca n b e 
foun d ou t  wit h th e hel p o f  CD .  valu e ar e under ­
line d b y a  bar .  Thu s T .  an d T V ar e no t  significan ­
tl y differen t  a s als o T ,  ,  T ,  an d T 3 

9.1.1. 6 Conclusions : 

The supplementar y feed s T, an d T 5 gav e significantl y 
highe r  gai n i n weigh t  tha n res t  o f  th e feeds . 

Note :  I f  economic s i s th e consideratio n th e cos t  fo r 
uni t  gai n i n weigh t  o f  fis h ca n b e compute d fo r 
each pon d an d the n analysi s o f  varianc e ca n b e 
conducte d an d conclusion s draw n by .  a n identica l 
procedur e a s above . 
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CHAPTER 1 5 

PREPARATION O P MICROENCAPSUIJATED DIE T 

1 Principl e 

j,H-N,R.-.N- H 

n 

H H 

Di amin e 

+ 

C1-C-(CH 2 ) 4 -  (CH 2 ) 4 -  C-C U 

I II 
0 O  ) 

Sebacoy l  chlorid e 

' N « R - . N - C - ( C H , ) . - (CH, ) . - C' 

1 
H H O 

+ 2TJHC1 

Wall structure 

2 Reagen t 

i 

(a )  Die t  ....e.g .  chicke n eg g 

(b j  Diaminohexan e solutio n ....0.92 g o f 

1,  6-diaminohexan e +  2 0 m l  o f  0.4 5 n 

NaHC03 -  NaC0 3 buffe r  (p H 9.8 ) 

(e )  Mixe d solven t  solutio n 

chlorofor m -  cyclohexan e ( 1 :  4 ) 

(d )  Spa n 8 5 

(e )  Sebacoy l  chlorid e 

(f )  Sucros e raonolaurate 

Prepare d b y Aki o Kanazawa ,  Professo r  o f  Nutritiona l  Chemistry , 
Kagoshim a university ,  Japan . 
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3 Procedur e 

Mixe d solven t  solutio n (2 5 ml )  +  Spa n 8 5 (0. 5 ml ) 

+ Diamin e soln .  (0. 5 ml )  +  Die t  Soln .  (2. 5 ml ) 

Emulslficatlo n fo r  3  min .  b y homogenize r 

+ Mixe d solven t  soln .  (1 0 ml )  +  sebacoy l  chlorid e 

(0. 2 ml ) 

+ Mixe d solven t  soln .  (3 0 ml ) 

Precipitat e (Microencapsulate d diet ) 

Washed wit h mixe d solven t  soln .  (10 0 ml ) 

2- 3 time s b y decantatio n 

Precipitat e 

+ 7  ml  sucros e monolaurat e 

stirrin g fo r  1 0 min . 

Washin g fo r  2 4 hr .  i n wate r  ( 2 litre ) 

Filtratio n wit h clot h sac k o £ 10yu m mes h 

Wash wit h wate r  ( 2 litre ) 

2 time s b y filtratio n 

V 
Microencapsulate d die t 

stor e i n 1  mo l  NaCl 



CHAPTER 1 6 

METHODS O F CULTURING PHYTOPLANKTON 

1 INTRODUCTION 

I t  i s  a n establishe d fac t  tha t  th e succes s o f  an y hatcher y 

operatio n wil l  depen d mainl y o n th e availabilit y  o f  th e basi c 

food ,  th e phytoplankton .  Th e maintenanc e an d suppl y o f  th e 

require d specie s a t  appropriat e tim e for m a  majo r  proble m facin g 

th e alga l  culturists .  Th e procedur e fo r  th e phytoplankto n 

cultur e involve s aspect s suc h a s th e isolatio n o f  th e require d 

species ,  preparatio n o f  th e suitabl e cultur e media ,  maintenanc e 

of  th e cultur e i n th e laborator y scale ,  a s wel l  a s larg e scal e 

unde r  controlle d condition s o f  light ,  temperatur e an d aeratio n 

and thei r  constan t  suppl y i n differen t  phase s o f  growth . 

2 METHODS O P ISOLATIO N AND CULTURE 

2. 1 Method s o f  Isolatio n 

The isolatio n o f  th e require d specie s ca n b e don e b y on e 

of  th e followin g methods : 

a.  Pipett e method : 

Large r  organism s ca n b e pipette d ou t  usin g micro -

pipette s unde r  a  microscope . 

b.  Washin g metho d o r  centrifugation : 

Repeate d washin g o r  centrifugin g th e wate r  sample s 

result s i n th e Isolatio n o f  large r  organisms . 

c .  B y exploitin g th e phototacti c movement : 

By thi s method ,  th e phytoflagellates ,  wil l  mov e 

t o on e directio n an d wit h a  micro-pipett e ca n b e 

isolated . 

*  Prepare d b y C.P .  Gopinathan ,  Centra l  Marin e Fisherie s Researc h 
Institute ,  Cochin-18 . 
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d.  B y agar-platin g method : 

For  preparin g th e agar "  medium ,  1.55 4 aga r  i s 

adde d t o 1  litr e o f  suitabl e mediu m o r  eve n natura l 

seawate r  an d thi s aga r  solutio n i s sterilise d i n a n 

autoclav e fo r  1 5 minute s unde r  15 0 lb s pressur e an d 

120° C temperature .  No w thi s mediu m i s poure d i n 

sterilise d petri-dishe s an d lef t  fo r  2 4 hrs .  I n 

cas e o f  cultur e tubes ,  th e mediu m i s poure d i n 

1/ 3 par t  i n tube s an d properl y plugge d wit h cotto n 

befor e autoclaving . 

The isolate d specie s ca n b e picke d u p b y platinu m 

needl e o r  platinu m loo p unde r  microscop e an d streake d 

on th e surfac e o f  aga r  plates .  Afte r  innoculation , 

thes e petri-dishe s ar e place d i n a n incubation * 

chamber  fo r  10-1 5 days .  Ligh t  intensit y an d tempera ­

tur e shoul d b e maintaine d constant .  Withi n 1 5 day s 

i f  th e require d specie s form s a  colony ,  remov e i t 

by platinu m loo p an d transfe r  t o cultur e tube s hal f 

fille d wit h suitabl e cultur e medi» ,  an d subsequentl y 

fro m th e cultur e tube s t o cultur e flask s an d the n 

t o 2 0 1  glas s carbuoy s i f  th e specie s coul d b e 

culture d o n a  mas s scale . 

2. 2 Cultur e apparatu s 

vessel s mad e o f  'Pyrex '  o r  'corning '  glas s ar e usuall y 

use d fo r  phytoplankto n culturing .  Bu t  fro m tes t  tub e t o 

concret e tank s ma y b e used ,  dependin g o n th e quantit y o f  th e 

cultur e required .  Fo r  smal l  scal e experiment s Erlenmeye r 

flask s equippe d wit h inle t  an d outle t  tube s fo r  aeratio n ar e 

used .  Glas s tube s o r  flask s plugge d wit h cotto n provide s 

enoug h aeration .  Th e vessel s shoul d b e cleane d wel l  an d 

sterilize d i n a  ho t  ai r  oven . 

2. 3 Selectio n o f  th e cultur e mediu m 

on securin g th e desire d organism ,  transfe r  th e sampl e 

int o a  serie s o f  petri-dishes ,  eac h containin g differen t 

enriche d media .  Kee p the m expose d t o sunligh t  o r  artificia l 
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iight .  Thi s preparator y cultur e i s use d t o selec t  th e 
suitabl e mediu m fo r  th e particula r  species .  Durin g thi s 
tirae ,  th e organis m multipl y i n on e o f  th e medi a an d provid e 
enoug h materia l  fo r  furthe r  proces s o f  culturing .  Pur e 
culture s ar e sometim e obtaine d onl y afte r  severa l  attempts , 
ItvB preparator y culture s may b e maintaine d til l  pur e culture s 
ar e obtained . 

2.3. 1 Cultur e medi a o r  solutions : 

The followin g ar e som e o f  th e cultur e medi a foun d 
suitabl e t o mos t  planktoni c algae : 

2.3.1. 1 Schrelber' s solution : 

Sodiu m nitrat e 0. 1 g m 
Sodiu m aci d phosphat e 0.0 2 g m 
Soi l  extrac t  5 0 c c 
Filtere d wate r  1  litr e 

The soi l  extrac t  i s  prepare d b y boilin g 1  K g goo d 
garde n soi l  wit h 1  litr e o f  distille d wate r  i n th e 
autoclav e fo r  on e hour .  Afte r  2- 3 days ,  th e supernatan t 
liqui d i s separate d int o a  flas k an d sterilise d i n a n 
autoclav e a t  12a* c fo r  2 0 minutes .  I t  i s  advisabl e t o 
keep th e soi l  extrac t  i n a  refrigerator . 

2.3.1. 2 Miquel' s solution : 

A B 

20. 2 g m o f  Potassiu m Sodiu m phosphat e — 4  g m 

nitrat e dissolve d i n Calciu m chlorid e — 4  g m 
100 ml  o f  distille d Ferri c chlorid e — 2. 0 g m 
wate r  Cone .  HC1 — 2  ml 

Dissolve d i n 10 0 ml  o f  distille d 
wate r 

To eac h litr e o f  filtere d seawater ,  0.5 5 ml  o f  A 
and 0. 5 ml  o f  B  ar e added . 
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2.3.1. 3 Conve y o r  Maine' s medium : 

Thi s mediu m i s mainl y use d fo r  th e mas s cultur e o f 
phytoflagellate s suc h a s laochryaia ,  Tetraselmla , 
Monochrysl s an d Dicrateri a species . 

Sodiu m nitrat e o r 
potassiu m nitrat e 
Sodiu m phosphat e 
Ferri c chiorid e 
Manganese chlorid e 
Bromi c aci d (H 3B03) 
EDTA 

100 g m 
20 g m 

1. 3 g m 
0.3 6 g m 

33. 4 g m 
45 g m 

Dissolv e al l  th e chemical s i n on e litr e o f 
distille d water .  One ml  i s adde d t o eac h litr e 
of  filtere d seawater . 

b.  Trac e meta l  solution : 

Zin c chlorid e 
Calciu m chlorid e 
Ammonium molybdat e 
Copper  sulphat e 
Distille d wate r 

... .  2. 1 g m 

... .  '2. 0 g m 
:.. .  2. 0 g m 
... .  2. 0 g m 
... .  10 0 ml 

One ml  i s adde d t o eac h litr e o f  th e seawater . 

Vitami n stoc k solution : 

12 5 mg Dissolv e i n 10 0 ml  o f 
. .  10 0 mg distille d water .  0. 1 ml 

i s adde d t o eac h litr e o f 
seawater . 

2.3.1. 4 TMRL medium : 

Thi s solutio n i s mainl y use d fo r  th e mas s cultur e 
of  diatoms ,  suc h a s skeletonem a costatu m an d Chaetocero s 
spp . 
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Pottaasiu m nitrat e 

Sodiu m phosphat e 

Ferri c chlorid e 

Sodiu m silicat e 

10 g m 

1 g m 

0. 3 g m 

0. 2 g m 

Prepar e eac h chemica l  i n 10 0 ml  distille d wate r 

i n separat e bottles .  Ad d 1  ml  o f  th e solutio n t o 

1 litr e o f  filtere d seawater . 

2.3.1. 5 p  M solution i 

nil s  i s anothe r  cultur e solutio n use d mainl y fo r 

th e mas s cultur e o f  diatoms ,  especiall y i n 2 0 1  glas s 

carbuoy s a s a  starte r  fo r  th e large-scal e cultur e i n 

bigge r  tanks . 

Sodiu m nitrat e 

Potassiu m phosphat e . . 

Ferri c chlorid e 
Sodiu m silicat e 
Agrimi n 

EDTA 

Thiamin e (B^ )  . . 

Cobalamin e (B., )  • • 

10 g m 

1 g m 

0. 2 g m 
0. 2 g m 

0. 1 g m 

0. 2 g m 

0*00 5 g m 
0.00 5 g m 

Prepar e th e solutio n i n separat e 10 0 ml  reagen t 

bottle s an d adde d t o th e filtere d seawate r  1  ml/1 . 

2.3.1. 6 I n ope n syste m (10 0 to n o r  more )  th e mas s productio n 
of  diatom s i s conducte d b y usin g Commercia l  fertilizers : 

Ure a 

Agrimi n 

Ferri c chlorid e 

16-20- 0 
Sodiu m silicat e 

Potassiu m phosphat e 

.. .  10 0 mg/ 1 

1 mg/ 1 
2 mg/ 1 

5 rag/1 

2 mg/ 1 
9 mg/ 1 

2.3,1. 7 Fo r  raisin g a  mixe d cultur e o f  phytoplanXters ,  th e 
followin g chemical s ca n b e used . 
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Potassiu m nitrat e ... .  1.3 2 g m 
Sodiu m phosphat e ... .  0.6 6 g m 
Sodiu m silicat e ... .  0.6 6 g m 
EDTA ... .  0.6 6 g m 

Mi x th e chemical s i n a  on e litr e beaker ,  dilutin g wit h 
distille d wate r  an d pou r  t o 10 0 1  o f  unifiltere d sea -
water .  Withi n 3  days ,  a  bloo m o f  diatom s coul d b e 
expected . 

3 GROWTH PHASES OF THE CULTURE AND HARVESTIN G 

iTi e usua l  wa y o f  th e laborator y cultur e o f  th e microalga e 
i s on e i n whic h a  limite d volum e o f  mediu m containin g th e necess ­
ar y inorgani c an d organi c nutrient s i s  inoculate d wit h a  relati ­
vel y smal l  numbe r  a € cell s an d thes e ar e expose d t o suitabl e 
condition s o f  light ,  temperatur e an d aeration .  Increas e i n cel l 
number s i n suc h a  cultur e follow s a  characteristi c patter n i n 
whic h th e followin g phase s ca n b e noted . 

(a )  La g phas e -  i n whic h n o increas e i n cel l  number s 

(b )  Exponentia l  phas e -  i n whic h cel l  multiplicatio n 
i s rapi d 

(c )  Declinin g phas e -  i n whic h th e cel l  number s remai n 

constan t  o r  n o mor e growt h 

(d )  stationar y phas e -  i n whic h th e cell s ar e stationar y 

(e )  Deat h phas e -  i n whic h deca y ma y star t 

Harvestin g o f  th e cultur e i s  don e a t  th e exponentia l 
phas e o f  growth .  Culture s ca n b e maintaine d b y occasiona l 
replacemen t  wit h nutrient s o r  b y regula r  sub-culturing . 



CHAPTER 1 7 

METHODS O F CULTURING 30OPLANKTQN 

1 INTRODUCTION 

Successfu l  hatcher y productio n o f  th e fr y o f  fis h an d 

crustacean s fo r  aquacultur e purpose s depends ,  amon g othe r  things , 

on theavallabilit y  o f  zooplanktoni c organism s o f  appropriat e 

siz e fo r  feedin g th e larvae .  Freshl y hatche d Artemi a naupli i 

hav e bee n th e popula r  larva l  fee d use d b y scientist s an d aqua ­

culturlst s fo r  a  lon g time .  Bu t  th e hig h cos t  o f  Artemi a 

cyst s ha s lea d the '  aquaculturlst s t o searc h fo r  othe r  suitabl e 

zooplankter s whic h coul d b e easil y culture d o n a  larg e scale . 

The rotife r  Brachionu s P.llcatllis ,  th e cladocera n Moln a sp . 

th e harpacticoi d copepoa s suc h a s Tigrlopu s sp p an d Tlsp e spp , 

th e nematode ,  Panagrellu s s p an d th e dilat e Fabre a sallna , 

al l  o f  whic h hav e a  hig h reproductiv e rate ,  shor t  generatio n 

time ,  an d th e abilit y  t o liv e an d gro w i n crowde d cultur e 

condition s hav e bee n foun d t o b e usefu l  a s liv e fee d organism s 

fo r  larva l  rearin g o f  cultivabl e specie s o f  fis h an d crustaceans. 

Among the m Brachionu s plicatlli s  an d Moln a s p hav e bee n mos t 

successfull y use d i n larval ,  rearin g wor k i n man y countrie s an d 

hence ,  i n tni s paper ,  th e method s o f  culturin g thes e animal s 

on a  larg e scal e ar e discusse d i n th e ligh t  o f  experienc e 

gaine d i n mas s culturin g the m a t  th e Narakka l  Praw n Cultur e 

Laborator y o f  th e Centra l  Marin e Fisherie s Researc h Institute . 

2 BRACHIONUS PLICATILI S 

Thi s filte r  feeding ,  planktonic ,  euryhaline ,  rotife r 

whic h multiplie s a t  a  ver y fas t  rat e b y parthenogenesi s unde r 

idea l  condition s ha s bee n foun d t o b e a n excellen t  fee d fo r 

rearin g marin e fis h fr y especiall y durin g th e earl y larva l 

stages ,  i t  i s  als o a  goo d foo d fo r  lat e mysi s an d earl y post -

larva l  stage s o f  penaei d prawn3 . 

*  Prepare d b y M.S .  Muthu ,  Centra l  Marin e Fisherie s Researc h 
Institute ,  Coclain-18 . 
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2. 1 Isolatio n 

Brachionu s plicatlli s  grow s naturall y i n brackishwater • 

pond s an d ca n b e easil y isolate d unde r  a  binocula r  micro ­

scop e wit h a  fin e pipette .  A s th e rotife r  i s  parthenogene -

tic ,  i t  i s  eas y t o isolat e a  fe w egg-bearin g female s i n a 

petri-dis h containin g filtere d brackishwate r  an d b y feedin g 

the m wit h a  suitabl e alga l  foo d t o buil d u p a  stoc k cultur e 

withi n a  fe w days . 

2. 2 Cultur e mediu m 

B.  plicatili s  i s  euryhalin e an d ca n b e acclimatise d t o 

gro w i n water s wit h a  salinit y o f  1 0 t o 4 0 ppt .  I t  i s 

likel y tha t  ther e ar e geographica l  race s whic h ma y gro w 

bette r  i n certai n salinit y ranges ,  whic h wil l  hav e t o b e 

determine d experimentally .  Generall y . a salinit y rang e o f 

20-3 0 pp t  i s goo d enough .  Filtere d se a wate r  ca n b e 

dilute d wit h goo d ta p wate r  o r  wel l  wate r  t o ge t  th e 

desire d salinity . 

2. 3 Cultur e container s 

Container s rangin g fro m 2 0 litr e glas s carbouy s t o 

360 to n concret e tank s hav e bee n use d fo r  culturin g 

B.  plicatili s  dependin g o n th e quantit y o f  rotifer s 

needed .  Fo r  a  hatchery ,  larg e plasti c containers ,  fibre -

glas s tank s o r  concret e pool s wil l  b e necessary .  I t  i s 

essentia l  tha t  th e container s ar e provide d wit h goo d 

aeratio n facilitie s a s th e dens e concentratio n o f  alga e 

and rotifer s consum e a  lo t  o f  oxyge n especiall y durin g 

nigh t  time . 

2. 4 Fee d fo r  th e rotifer s 

B.  plicatili s  ha s bee n grow n o n pur e culture s o f 

unicellula r  alga e suc h a s Chlorell a sp. ,  Tetraselmi s sp. , 

Dunallell a sp. ,  bakers '  yeast ,  marin e yeas t  an d methanol -

grow n yeast ,  an d freeze-drie d o r  spra y drie d Chlorella , 
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Splrulin e o r  Platyroonas ,  o r  eve n o n powdere d formulate d 

diets ,  i f  fres h alga e ar e use d the y ar e culture d separatel y 

and adde d t o th e rotife r  culture s ever y day .  T o reduc e th e 

cos t  o f  culturln g alga e variou s type s o f  agricultura l 

fertilizer s suc h a s ammoniu m phosphate ,  ammoniu m sulphat e 

and ure a ar e used ;  organi c manure s suc h a s extract s o f 

chicke n dung ,  pi g manure ,  an d groundnu t  oi l  cak e hav e als o 

been tried .  Thes e organi c manure s induce d a  goo d growt h 

of  Chlorell a an d bacteri a whic h ar e utilize d b y th e rotife r 

as food . 

2. 5 Cultur e method s 

I t  i s  advisabl e t o gro w th e rotifer s an d th e alga l  fee d 

i n separat e containers .  Desire d amoun t  o f  alga l  suspensio n 

i s adde d t o th e rotife r  tan k t o maintai n a  concentratio n o f 

10 cells/m l  i n th e cas e o f  Tetraselmi s an d Dunallell a o r 

5-1 0 X  1 0 cells/m l  o f  Chlorella .  Yeast ,  alga l  powder s 

and formulate d diet s ar e give n a t  th e rat e o f  200-30 0 mg / 

litr e pe r  da y i n 3  divide d doses .  Th e rotife r  populatio n 

grow s rapidl y an d attain s a  concentratio n o f  200-30 0 nos/m l 

i n 4- 5 day s afte r  startin g a  cultur e a t  a  temperatur e o f 

28-30°C .  I f  th e rotife r  cultur e i s no t  harvested ,  a  densit y 

Of  upt o 60 0 nos/m l  i s reache d i n 6- 7 day s an d the n th e 

cultur e decline s rapidly .  I t  i s  bette r  t o harves t  dail y 

1/ 3 t o 1/ 4 o f  th e cultur e an d replac e th e volum e harveste d 

wit h fres h alga l  cultur e o r  rotife r  medium .  Harvest s o f 

30-5 0 nos/m l  pe r  da y coul d b e mad e ever y day .  Regula r 

harvestin g help s t o maintai n th e cultur e i n goo d conditio n 

fo r  a  longe r  period .  Sinc e th e cultur e ar e no t  maintaine d 

unde r  steril e condition s the y ar e likel y t o b e contaminate d 

wit h th e grovrt h o f  undesirabl e filamentou s alga e an d 

ciliates .  Unde r  suc h condition s th e culture s shoul d b e 

discarded ,  th e pool s cleane d thoroughl y an d a  fres h cultur e 

starte d again . 

At  th e Narakka l  Praw n Cultur e Laborator y o f  th e CMFRI 

S"  pllcatili s  .i s  culture d i n 24 '  dia .  outdoo r  plasti c pool s 

usin g 20-3 0 ppt .  brackishwate r  fertilize d wit h groundnu t 

oi l  cak e (25 0 gm/ton )  ure a ( 8 gm/ton )  an d superphosphat e 
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( 4 gm/ton )  t o Induc e a  bloo m o f  Chlorell a o n whic h th e 
rotifer s feed . 

2. 6 Harvestin g 

Harvestin g o f  rotifer s i s don e b y filterin g throug h a 
nylo n boltin g sil k  clot h o f  4 0 micro n mes h size .  Th e 
concentrate d rotifer s ar e washe d i n clea n se a wate r  an d 
use d fo r  feedin g larva e eithe r  i n fres h o r  i n froae n 
condition .  Rotifer s tha t  ar e t o b e froze n shoul d no t  b e 
washed i n freshwate r  a s i t  lead s t o osmoti c breakdow n o f 
cel l  membrane s an d a t  th e tim e o f  thawin g a  ver y poo r 
produc t  i s obtained .  Harvestin g shoul d b e don e i n th e 
exponentia l  growt h phas e whe n th e rotifer s ar e see n wit h 
3 o r  mor e egg s attache d t o th e body .  Th e organi c matte r 
conten t  o f  th e bod y i s maximu m a t  thi s stage .  I n th e 
senescen t  stage ,  th e rotifer s d o no t  carr y eggs ,  thei r 
body tissue s ar e depleted ,  th e tes t  bein g practicall y 
empt y an d th e animal s swi m feebl y around .  Th e nutritiv e 
valu e o f  suc h rotifer s wil l  b e ver y poo r  Indeed . 

2. 7 nutritiv e valu e 

I t  ha s bee n reporte d b y Japanes e worker s tha t  th e 
nutritiv e valu e o f  th e rotifer s t o th e fis h larva e depend s 
on th e die t  o n whic h th e rotifer *  wer e reared .  Pis h larva e 
fe d wit h rotifer s gro w o n «  die t  o f  fres h alga l  culture s 
appea r  t o b e wel l  nourishe d whil e thos e fe d wit h rotifer s 
reare d o n a  die t  o f  yeas t  o r  commercia l  singl e cel l  protein s 
ar e wea k an d thei r  surviva l  i s  low .  Thi s i s attribute d 
t o th e differenc e i n th e fatt y aci d compositio n o f  th e 
rotifer s fe d wit h yeas t  an d alga e respectively .  Th e latte r 
ar e foun d t o b e ric h i n w 3 long-chai n unsaturate d fatt y 
acid s (UJFA) .  Marin e fis h an d crustacea n larva e see m t o 
hav e a  specifi c  requiremen t  fo r  w 3 U3VK whic h ca n be -
satisfie d onl y throug h th e diet . 

2. 8 Maintenanc e o f  culture s 

Hew culture s ca n b e starte d fro m restin g egg s whic h 
oan b e store d fo r  lon g periods ,  B .  plicatill s  whic h 
normall y reproduce s b y parthenogenesis ,  produce s resistan t 
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restin g egg s unde r  unfavourabl e condition s o r  whe n th e 

densit y o f  th e rotife r  populatio n become s to o high . 

! •  Pllcatili s  whic h hav e bee n growin g i n norma l  se a wate r 

hav e bee n induce d t o produc e restin g egg s whe n the y ar e 

transferre d t o 25 % seawater .  B y thi s metho d restin g egg s 

coul d b e collecte d an d store d i n a  dee p freez e a t  -14° C 

fo r  3  month s an d fo r  3  week s i n a  desiccato r  a t  roo m 

temperatur e withou t  los s o f  viability .  I t  i s  reporte d 

tha t  th e shel f  lif e o f  desiccate d egg s ca n b e increase d 

t o 2 5 week s b y a  proces s know n a s Bonificatio n a t  lo w 

energies . 

3 tf£XH&  SP . 

The freshwate r  cledocera n Mojn a i s frequentl y foun d i n 

temporar y ponds .  I t  i s  readil y eate n b y bigge r  fis h fr y an d 

by olde r  postlarva e o f  penaei d prawns .  Moln a als o reproduce s 

by parthenogenesi s unde r  favourabl e condition s an d form s restin g 

eggs throug h sexua l  reproductio n unde r  unfavourabl e conditions. 

The embryo s develo p insid e th e dorsa l  broo d pouc h an d th e youn g 

ones hatc h ou t  full y  formed . 

3. 1 Isolatio n 

Moln a ca n b e collecte d fro m pond s an d a  stoc k buil t  u p 

startin g fro m a  singl e parthenogeneti c female .  Pro m a 

singl e femal e kep t  i n a  2  litr e beake r  containin g Chlorell a 

water ,  i t  ha s bee n possible-t o obtai n 42,00 0 Moln a withi n 

12 days . 

3. 2 Cultur e mediu m 

Good ta p wate r  o r  wel l  wate r  ca n b e use d fo r  growin g 

Molna .  Salinitie s abov e 3  pp t  ar e no t  tolerate d b y them . 

3. 3 Cultur e container s 

3'  -  12 '  dia .  plasti c pool s o r  concret e tank s ca n b e 

use d fo r  Moln a culture .  Goo d aeration'shoul d b e provided . 

The tank s ar e kep t  outdoors . 
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3. 4 Fee d fo r  Moin a 

i t  i s  a  filte r  feede r  livin g o n a  variet y o f  unicellula r 

fres h wate r  algae .  Chlorell a appear s t o b e th e bes t  feed . 

3. 5 Cultur e method s 

The cultur e tan k i s fille d wit h freshwater ,  innoculate d , 

wit h a  cultur e o f  Chlorella ,  fertilize d wit h groundnu t  oi l 

cak e (25 0 gm/ton) ,  ure a ( 8 gm/litre )  an d superphosphat e 

( 4 gm/ton )  an d wel l  aerated ,  o n th e secon d da y afte r  th e 

wate r  become s slightl y greenis h th e cultur e i s innoculate d 

wit h a  pur e cultur e o f  Moin a whic h multiplie s rapidl y an d 

attain s a  concentratio n o f  2 0 t o 3 0 thousan d individual s 

per  litr e i n 6- 7 days .  A t  thi s stag e 1/ 3 -  1/ 2 th e volum e 

ca n b e harveste d an d replace d b y freshwate r  alon g wit h th e 

proportiona l  amount s o f  th e abov e fertilizers ,  o r  b y 

Chlorell a wate r  culture d i n a  separat e tan k usin g th e sam e 

fertilizers .  I f  th e latte r  metho d i s followe d 1/ 3 o f  th e 

cultur e volum e ca n b e harveste d everyday .  Th e groundnu t  oi l 

cak e sustain s th e alga l  bloo m fo r  a  longe r  perio d an d i n 

th e finel y divide d stat e ma y b e eate n directl y b y th e clado -

cerans .  Chlorell a bloom s ca n b e maintaine d b y fertilizin g 

wit h chicke n dun g o r  pi g manur e also . 

Appearanc e o f  male s i n th e culture ,  herald s th e declin e 

of  th e populatio n b y formatio n o f  restin g eggs .  When thi s 

happen s i t  i s  bette r  t o remov e al l  th e wate r  leavin g onl y 

th e sediment s a t  th e botto m an d fillin g u p th e tank s wit h 

Chlorell a wate r  again .  Moin a cultur e revive s i n a  fe w days . 

3. 6 Harvestin g 

Harvestin g i s don e wit h a  plankto n ne t  i n th e exponentia l 

growt h phas e whe n th e female s ar e reproducin g activel y b y 

parthenogenesis ,  parthenogeneti c female s containin g 8-1 2 

embryo s i n th e broo d pouc h ar e ric h i n organi c matte r  an d 

ar e evidentl y mor e nutritiv e tha n female s wit h restin g egg s 

or  th e males .  Harveste d Moin a ar e washe d i n wate r  an d 

froze n int o smal l  block s for 1 futur e use . 
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3. 7 Nutritiv e valu e 

Moln a whic h ca n als o b e grow n o n yeas t  o r  conmercia l 
singl e cel l  proteins /  ar e sai d t o b e deficien t  i n w 3 LUF A 
and ar e therefor e inferio r  a s fee d fo r  th e fis h an d 
crustacea n larvae .  Moin a fe d wit h fres h algal ,  culture s 
axe nutritionall y adequate . 

3. 8 Maintenanc e o f  culture s 

Restin g egg s ca n b e collecte d fro m th e botto m o f  th e 
cultur e container s an d store d i n dr y condition s a t  roo m 
temperatur e fo r  2- 3 week s withou t  los s o f  viability . 
Fres h culture s ca n b e starte d b y keepin g th e dr y restin g 
egg s i n wel l  aerate d Chlorell a water ;  parthenogeneti c 
female s hatc h ou t  fro m th e restin g egg s withi n 4 8 hours . 

4 ARTEMIA SALIN A 

Artemi a salin e naupll i  ar e usuall y hatche d ou t  fro m cyst s 
store d i n scale d cans .  Cyst s hydrate d i n seawate r  hatc h ou t  i n 
24-3 0 hra .  The y w e isolate d fro m th e floatin g empt y cyst s b y 
keepin g a  ligh t  a t  th e transparen t  botto m o f  th e conica l  con ­
tainer s use d tor  hatchin g th e cysts .  Th e naupll i  whic h congre ­
gat e nea r  th e ligh t  ar e siphone d ou t  an d use d fo r  feedin g th e 
larva e o r  fo r  startin g batc h culture s o f  adul t  Artemi a t o fee d 
th e juvenile s an d adult s o f  fis h o r  prawns .  Freshl y hatche d 
Artemi a naupll i  ar e w l d t o b e nutritionall y superio r  t o on e 
day ol d nauplli . 

Dense batc h culture s ar e grow n i n larg e container s usin g 
wel l  aerated ,  hif h salin e wate r  (40-6 0 ppt) .  Suspension s o f 
yeast ,  dr y Chlorell a o r  3pirulln a powder ,  ric e bra n o r  groundnut -
oil-cake-mil k hav e bee n use d t o fee d th e Artemia .  The y becom e 
egg bearin g adult s i n 12-1 4 days ,  Th e nutritiona l  qualit y o f 
th e adult s grow n o n differen t  diet s wil l  b e differen t  an d wil l 
hav e t o b e assesse d i n relatio n %Q th e purpos e fo r  whic h the y 
ar e raised . 

Maintainin g continuou s culture s o f  Artemi a unde r  controll ­
ed condition s fo r  cys t  productio n i s possibl e onl y o n a  smal l 
scal e fo r  experimenta l  purposes .  Howeve r  Artemi a i s bein g 
culture d i n sal t  pan s fo r  commercia l  productio n o f  cysts . 
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