


CMFRI SPECIAL PUBLICATION
Number 8

MANUAL OF RESEARCH METHODS FOR
FISH AND SHELLFISH NUTRITION

s

&a"“’a 9.3 L‘\»\»

NARINp

W et

LIBRARY, CENTRAL WAKINE FISHERIES
RESEARCH INSTITUTE, ERNAKULAM
COCHIN - 82018, INDIA

Issued on the occasion of the Workshop on
METHODOLOGY FOR FISH AND SHELLFISH NUTRITION
organised by
The Centre of Advanced Studies in Mariculture,
Central Marine Fisheries Research Institute,
held at Cochin from 11 - 16 January 1982



Published by: E, G, SILAS

Director
Central Marine Fisheries Research Institute

COCHIN



PREFACE

The Centre of Advanced Studies in Mariculture established
at the Central Marine Flsherles Research In;titute has been
conducting Wurkshops in Research Methodologles on specialised
disciplines with a view to enhance the competence of the sclentl-
fic workers specialising in researches connected with mariculture.
The maln emphasis in mariculture research has been directed
towards the development of economically viakle culture techniques
for culturable species of f£ish and shellfish, with a view to
augmenting the fish and shellfish production of the country. In
order to devalop low-cost technelegies the espaential operational
inpyts have to be ratlonally utilized.

+

It has been well established that feeding constitutes the
major cost of production, often exceading S0 per cent of tha
operating costs in intensive aquaculture operations. Two main
factors affecting the cost of feeding are c’ompositi_.on of the diet
and efficiency of feed conversion. In order to develop lesast-
cost formula diets of high conversion efficiency, xnowledge of
the nutritional requirements of the dlfferent specles during the
different phases of the life cycle and the nutritive value of the
complex feed ingredients available in the country to the candidate
species is a prerequisite.

Tiwe existing information on the putritional reguiremencs
of cultivated species of f£ish and shellfisn in Irklla, is meagre
and recently research hag been intensified in this area. £
researches on this field could be cerried .ut using standardised
experimcnial procedures, the data obtained on the patritfonal
reguirements of the different species gould e stored in & fish
atd ghellfish nutrition data bank, from where data couid be
disseminated to the users such as foad namifacturera, farmers,
extenslon workers and research workers  as and when required,

Ik is alsa uccessary that the data coliected on the chemical
cotipasitlon of tiw feed ingredionts and thelr nukrivive valua
tor the species should be basaed on standard chemical methods
and experimental procedures 5o that the data could be stored tn
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£13h, Mutrition at the GAS 48 Maricultyre, has been kind em-.}qh
to: gooperate vith the Sclentists of CAS in uar.tqu.tm of the
Central Marine Fisheries Research mstl.t.ur.e .'Ln the _prspa t.iou -.-

growtn inhibitors and toxins; determination of qigestib,uity T
coetiicient; protein evaluations b.loenemtic:s; determination
of sssential anino acid requirements using radioisotope methnd;
rageagch. cest diets for fistws gnd prawns; feed fomulation
wmethods; experimental design, eta. Methods ni_pr-_aparation of_
microparticulate diets, phytoplankton and zppplaxjxkton eglture '
mathods, etc, are also lncluded to facjilitate larval mutrition
studies.  Many of tha methods given in the mapual have been '_
smdardazed for fish and shellf.tsn nutrj.tl.on stud.ies in India
and abroad. . The users c:an alao ga.!.n maxi.m-.un. beneflt. by auitable
modlficaciona of other methods uhich are given as guidelines. .

. 4 would like t.o tmnk all t;ne scien::.fic and technical
staff especially shxd S. Ahamed AlS, Dz'.‘ I{. Ala.qarsuami, _
Shri D,C.V. Easterson, Shri C.F., Gap.i.nat]han. shri T. Jaoob.
Shri M.S3. Mathu, ,Dr. R. Paul Ra), Dr. A.G. Ponniah and
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le. k. vedavyasa Rao who have rendered assistance during the
preparation of this manual. Thanks are also due to Shri Johnson,
Librarian and shri Kambadkar, Technical Assistant, Central Marloe
risteries Research Instituta, for the help randered isythln in
prioting this manual.

(E.G. 3ilés}
Directoxr, CMFRI,
Sub~Project Coordinator.
Cantre of Advancad Studies in Mariculeure
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CHAPTER )

PROXIMATEy COMPOSITION AMALYSIS OF FEEDS”

1 INTRODUICTION

The chemical composition of the feed gives its potential.
nutritive value and hence, in the assessment of quality of a
feed the proximate principles are first determined, The Weende
proximate analysis system for anmalyzing animal feed in;ludea the
determination of moisture (dry matter) ether extract (crude fat)
crude protein, ash, crude fibre and nitrogen free extract (NFE).

2 COLLECTING AND LABELLING SANMPLES FOR ANALYSIS

The method used to collect sauples for chemical analysis
affects the values of the parametars obtained. = The aim is to
take a sample of the material which repiésents the total and to
analyse it in such a way that it represents the material which is
conauned by the animal or to sample other aaterial which affects
the objectives of the experiment. '

Sampling of bagged immdients is done with a spear probe.
The probe is inserted diagonally and as horisontally as possible,
from one corner of the bag to the other. 1In lots of 1-10 bags,
all bags are sampled, 1In larger lota, 10 percent of all bags are
sanpled. Materials received in bulk are sanpled using a scoop.
according to the size of the consigmment. For smaller than 10
tonnes consignments, two samples par tonne are taken. Larger
conaigrnments, up to 100 tonnes, require one sample per tonne or
one sample for every two tonnes dependifg on the size of the
consaignment.

611 cakes and other coarse materials are sampled by randam
salection of pleces from differant parts of the entire consigoment.

¥ Prepared By K. Paul Ra] and S7ed Anamed RIT, Tentre of Advanced
Studies in Mariculture, Central Marine Pisheries Ressarch
Institute, Cochin=-18.



2.1 Grinding and sub-sampling

Samples taken in the above manner should be pooled,
thopeughly mixed, and ground t¢ pass through 1 mm screen in Wiley
Mil) tlarge samples may be ground shrough hawmer mill (3/8* screen),
sub sampled, reground through 4 mm screen, sub sampled and ground
shrough 1 mm screen), Combine all the materials left in mills
with the ground portion before subsampling: take precautions to
rix ground samples well bafore subsampling in a waring blender.

Place sample in airtight containers.

If possible preserve all sanples high in molsture coatent
hy freezing.

2,2 Method of submitting samples for chamical analysis

At the time a sapple is collected, & tag is attached. The
paraon collecting the sample should £411 in the project number,
experiment number, date taken, a brief description of the sample
and the name of the persen doing the sampliag.

2,3 Laboratory sample nymbers

At the time the sample cames to the laboratory, it is given
a laboratory sample number, '

3 DETERMINATION OF DRY MATTER

3.1 principle

The molsture of the sample is lost by volatilization caused
by heat. The amount of material left after the removal of the
molsture is the dry matter,

3.2 aratus

(B) oven, 105°C
(b)Y Covered aluminium dishes, 50 mm diameter
{¢) Deasicators



-3,3 Procedure

{a) Wash the dishes with a deta@rgent. Dry the dishes in
105°C oven overnight. Place in dossicator, cool, and
waigh. Handle dishes with metal tongs.

{k) Welgh by cifferent 2.0 g. of sample into a welghed
dish., Place it in 105°C oven overmight. Remove
dishes, put cover on top and place in dessicator and
cool. Remove from deasicator and waigh as quickly as
possible.

3.4 Calculation

Dry matter (%}
{(we, of dish + wt, of dricd sample) « wWe, of dish
' Wt. of sample before drying

X 100

we, of dry iample X 100

We, of sample before drying

Moeisture content (%}

L)

wt, of £fresh sample - Wt. of dry sample
= X 100
We, of fresh sample

4 DETERMINATION OF ASH

4.1 Principle

The sample is ignited at 600°C to burn off all organic
material. The inorganic materisl which does not volatilize at
that temperature is called ash. '

4,2 Apparacus

{a) Muffle furnace
(b} Sllica crucibles
(c) Dessicator, with magnesium perchlorate dessicant



4,3 Procedure

(a)

{b)

(e)

{d)

Flace clean crucibles in a muffle furnace at &00°'C
for one hour., Transfer crucibles fram furnace to a
dessicator and cool to room tempersture. Welgh as

. quickly as possible to prevent molsture absorption,

Use metal tongs to move the crucibles after they are
ashed or dried.

Weigh by difference 2.0 ¢. of sample into tared silica
crucibles., Place in a muffle furnace and hold the
temperature at &00*C for 6 h.

Transfer the crucibles to a dessicator and cool to
room temparature, Whean cool, weigh the crucibles as
quickly as possible to prevant molisture absorption.
Save the ash sample if aineral detemminations are to
be mada.

4.4 Caleulation

Ash (%) on partial dry or as fed basis

N,

of ash
X 100

We, of sample

Mjusting to dry baais

ash % on as fed sample

X 190

dry matter % of as fed sample

5 ACID SOLUBLE AND INSOLUBLE ASH

5.1 Apparatus and reagents

{a} Hydrochleric acid (1~2.5 v/v)
{b) Filter paper, ashless, and

(c)

Dishes, porcelain



5.2 Procedure

Use the residue obtained from the ash detemination. Beil
with 25 ml HC), taking care to avoid spattering, filter through
ashlesa filter paper, and wash with hot water until acid-free.

. Place filter paper and residue into a dty. tared porcelain dish
and place in a muffle furnace at 600°C for 2 h. or until carbon=
freoe.

$.3 Calculation

Acid insoluble ash (%)

Wt, of acid=treated ash
= . X 100
We, of sample

6 DETERMINATION OF CRUDE FIBRE

6.1 principle

A molstura-free and ether axtracted semple is digeated
first with a weak acid solution, then a weak base solution. The
organic residue is coliected in a filter crucible. The loss of
welight on ingition is called crude fibre,

6.2 Apparatua
(a) Beakers, 600 ml tall-sided
(b)) Rounde~bottom flask condenser unit
(c) Buchner flasks, 1 litre
(d) Buchner funnels, Hartley 3 section pattern
(e) Crucibles, ailica with porous base, and
(£} Rubber cones to £fit above.

6.3 Reagents

(a) Sulphuric acid solution (0.25 N)
(b) Sodium hydroxide selution (0.313 N)
{c) Antifoam reagent {Octyl alcohol)
(d) Ethyl alcohol

{e) Hydrochlaric acld, 1% v/v



6.4 Procedure

Welgh about 2 g. of the dried, fat~free zample into a
600 ml beaker. Add 200 ml of hot sulphuric acid, place the
beaker under the condenser, and bring to boillng within 1 min.
poil gently for exactly 30 min,, using distilled . water to
maintain volume and to wash down particles adhering to the
sidea. Use antifoam if necessary., Filter through wWhatman
No.541 paper in a Buchner funnel, using suctlon, and wash well
with boiling water, Transfer residue back to beaker and add
200 ml hot sodium hydroxide solution. Replace undar the con-
denzer and again bring to boiling within 1 min. After boiling
for exactly 30 min,, filter through porous crucible and wash
with bolling water; 1% hydrochloric acid and then again with
bolling water. Wash twige with alcohol or acetone, dry over-
night at 100°C, cool, and weigh. Ash at 500°C for 3 h., cool,
and weigh. Calculate the waight of f£ibre by difference.

6,5 Calculation
Crude fibre (% of fat=Efree DM}

(Wt. of crucible + _ (We. of crucible +
dried residue) ash residue)
- X 100
{(we, of sample)

7 DETERMINATION OF CRUDE FAT
{Soxhlet Method)

7.1 PL. iple

Ethar is continuously volatilized, then condensed and
allowed to pass through the sample, extracting ether soluble
materlials, The extract is collected in flask. Wihen the procass
is completed, the ether is distilled amd collected in another
contailner and the remaining crude fat i3 dried and weighed.

7.2 Apparatus and reagents -

(a) Soxhlet extraction apparatus
{k) Extraction thimbles
{c} pPetroleum ether (b.p. 40-60°2) or ethyl ether



7.3 Rrocedure

Weigh by differsnce 2 to 3 g, of the dried sampla (residus
from dry matter determination can be usad). Place the l‘.h:[nbh
inside the soxhlet apparatus. Conhect a dry pre=weighed solvent
flask beneath the apparatus and add the required quantity of
solvent and-connect to condenser. Adjust the hesting rats to
give a condensation rate of 2 to 3 drope and extract for 16 h.
On completion, remove the thimble and reclaim sther using the
apparatus. Complete the ramoval of sther on 8 bolling water bath
and dry flask at 105'(: for 30 minutes. Cool in daasif.'ct-or and
welgh.

7.4 Caloulatjon
Crude fat (X of Dry matter) =

Wt. of fat 100

X —

Wt. of sample i

& DETERMINATION OF FREE FATTY ACIDS

8,1 Apparatus and g' agents

{a) Ethyl alcohol

(b) Phenolphthalein (1% solution in alcolwl)
{e) &odium hydroxide (0.25H)

(d) ' Stoppered £lasks, 250 ml.

8.2 procedure

Weigh olil or fat into a stoppered flask and add 50 ml.
alcohol previocusly neutralised by adding sufficlent 0.25N sodium
hydroxide to give faint pinkish colour with phenolphthaleit
{2 mi.), Tierate with scdium hydroxide and vigoroualy shake
until a permavant faint pink colour appesars.

8.3 Calculation

Prae fatty aclds % (as cleic acid)

g. ¢ll or f£at
7,05

X voluma of (Q.25N MaoH used in titration



9 DETERMINATION OF CRUDE PROTEIN
(Rjeldahl Method)

9.1 Apperatys

{#) Masro kjeldanl digescion and distillatisn

units or micro kjeldahl apparatus
{b) Kjeldahl flaska (500 ml. capacity or larger)., and
{c} Conlcal flasks, 250 ml.

9.2 Reagents

{a) sulphuric acid (98%), nitrogen free,

{k) Potassium sulphate, reagent grade,

{¢) Maprouric oxide, reagent grade,

{(d) Paraffin wax,

(@} Sodium hydroxide, 40X soluticn

(£) Sodium sulphide, 4% sclution

{g) FPumice chips,

{h} Boric acid/indicator solution, AMd 5 ml of
indiaator aclution (0.1% methyl red and 9.2%
bramocrescl green in alecohol) to 1 Litece
saturated boric acid solution,

(1} Hydrochloric acid standard asolution {(0.1N)

9,3 Procedure

Accurately weigh 1 g. of sample into a digestion f£lasik.
A 10 g. potassium sulphata, 0.7 g. mercuric oxide and 20 ml
sulphuric acid. Heat the flask gently at an incliped angle until
£rothing subsides and then boil until the solution clears, Con-
timye boiling £or an additional half hour. If the frothing is
axcessive, a apall amcunt of paraffin was may be addad.

on cooling, add akout 90 ml., distilled watsr, recool, add
25 ml, salphide solution, and mix. Add a mmall plece of bolling
chip toc prevent bunping and 80 ml, of sodium hydroxide solutlion
while tilting the flask so that two layers are formed. Connect
rapidly to tha condenser unlt, heat, and collect distilled
amaonla in 50 ml, boriec acid/indicator solution. Collect 50 ml
of distillate. On complation of distillation, remove the receiver
(wash condenger tip) and titrate against standard acid solution.



9.4 galeulation
Hitrogen contant of sample (%)
{nl, atld X noomality of standard acid)
- e Srar—riirele X 0.0l4 X 100
we, of sample {g)

Cruds protein content (X) = nitrogen content X 6,23 .

10 DETERMINATION OF NITROGEN P .- acr
NATYOGen £res etract (NFE) of & feed is determined by

uumuwmgmmmmwmm. crude
fibre, crude !ntM;M!pntun. SRR

10,2 galowistion

mtx)onmm .

- lm-(s-mendnhuo*%mtmtmondn
huue.memut.cnmmu + % protaie
on dry besis)

11 REFIENCTS
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CHAPTER 2
DETERMINATION OF GROSS ENERGY OF FEEDS” i

1 Principle

The amount of heat, maasured in aalories, thet iz rele-sed
when a substance is completely oxidized in a bomb calorimeter
containing 25 to 30 atmospheres of oxygen, is <alled the gross
energy (GE) of the substance, A sample of the materlal to be
tested is welighed into a combustion capsule., The canbustion
capsule is placed in an oxygen bomb containing 25 to 30 atmos-
pheres of oxygen, The oxygen homb is coversd with 2000 g - of
water in an adiabatic calorimeter. After the bomb and calorim.tar
have been adjusted to the same temparature, the. mple is ignited
with a fuse wire. The temparaturs rise is weasured under sdia-.
batic conditions. From the hydrothermal equivalent of the
calorineter the temperature rise minus some small corrections for
fuse wire oxidation and acid production, the caloric content of
the sample 1s calculated.

2 Apparatus

(a) Parr oxygen bomb calorimeter and accessories or
equivalent

{b) The calorimeter may be oquipped with an automatic
temperature controller. If the temperature controller
is on the calorimeter; it will take less labour to min
the analysis, but the controller ia not necessary to
obtain accurate results.

(c) Solution or trip baladce with capac:ity to 3000 ¢ and
accurate to Q.1 g.

* Prepared by R. Paul Raj and A.CG. pPonnlan, Cefrtre of Advanced
Stuales Llin Mariculture, Central Mar:l.ne Fisherisa Research
In:surniute, Cochin=1B.
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{a) Btandard scdium carbonate sclution, equivalent to
1 cal/mi (3.658g Naz Coa per litre) _

{b) Methyl crange indicator

{a) mpensoic acid combustion tablets or primary standard
grade crystals B

(a) Detarmine the hydrothemmal squivalent of the bomb,
bucket and water Ly determining the temperaturs riss .
using the same procedurs as cutlined above, but with a
smple of known caloric centent (banaclc ssid combuse
tion tablet). Make at least four determipatisns and
use the average value. Onoce this value is determined,
it should not change unlass some part# of the bhomd

{(b) Dry the benszoic acid at 105°C overnight, ool in
dessicator and weigh by difference fram a covered
weighing battle one tablet o approximately & 19
sample of dry calorific standard grade henmcic acid
crystals. Determine-the temperature rise from the
benzolc acid in the bhomb as with other ssples,

Hydrothemal equivalent per degree (Cal)

Wt., of benzole Caloriss length Cal/cm
acid per gram . of fuse fuse
X penzoic * wire X uire . X ®l Fay Cog
acid burned

(final temp. ~ initial temp.)
4.1 Example:

A 1.0622g sample of benzolc acid had a beat of combustion
of 6319 cal per g. The correctsd initial vemperature of the bomb
wae 20.280°C and the final corrected temperature was 23,045°C.
There were 4.8 cm of fuee wire burped with a caloric value of
2.3 cal per an. Thare were 7.5 ml of ‘Ha,Co, titrated (equivalent
to 1.5 cal). _
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Hydrothermal equivalent calories per degree

(1.0622 X 6216} + (4,8 X 2,3} + 7.5

= 2434 snall caloriee
{23.045 « 20.280) .

Procedure

(a)

(i)

(=)

{a)

{e)

(£}

()

Weigh by difference approximately 1.0g of sample and
place in a clean, smpty coanbastion capsule. Sapples
may be pelleted, but this is usually not necessary.

Attach & 10 om langth of fuse wire between the
alectrodes of the homb (oxygeh)and set the combustion
capsule with sample in place in the lcop electroda.
Mjust the fuse wire a6 that it touches the sample.

Place about 1 ml of water in the bomb cylinder and
swirl it around to wet the sides, This is not
necessary if the bomb is still wet from a preceeding
detsrnination.

Assemble the bomb, tighten the screw cap, close the
pressure release valve and £411 with oxygen to 25
atmosphares gauge preasure. Place the moket (oval)
in the caloriméter, oet the bomb in the buckst, and
attach the clip terminal.

Waigh 20009 distilled water on the solution or trip
balance (use a 2000 ml volumstric flask to hold the
water) and carefully pour into the calorimeter bucket.
The water temperature must be within the range of the
calorimeter tharmometers,

Close the cover, lowar the thermometer and start the
water circulating motor., Remove the cap from the
Jacket cover end £11l the cover with water until it
oung out of the drain hose.

N
Adjust the temperature of the water in the cutexr
jacket vo approximately equal that of the calorimeter
Ly adding hot or cold water, and allow one minute to



{h)

(1)

(3

(k)

(1)

13
¥
attain squilibriun. Then carefully adjust the
temporature to be exactly equal and check the, qﬂ.q:i.—
meter temperature at on= minute lntervals for “three
minutaa. .

Road ard record the initial tempsraturs to the
noa:dnooooz'andimuuho-apn. Turn in hot

or tbld Water.to. kegp the. jacket tmnturo espiivalent
to the calorimeter tenpératires during the period of
rise,

Campard and adjust the témperature of the cuter

- Jacket to the ‘faner ucket of the calorimeter tempors-
“bare Freiastitly snd ‘csiWfilly to insure sdiabatic

SoRILTION O ok the tenperatures ire equal. Read
and rgondd the £indl temperatu¥e ‘after the sane
teampetatuire ' 1s ‘theerved in three sumn.u one
ninite intervals,

Raise thc thlmte:s. oper: the calorimater, take
the homb t‘m :ha ca.l.or:l.mur hunlmt. relsase the
residual pressure of the bomb and open, Carefully
remoye the remainiig piéces of fuse wire from the
electrodes; straighten and measurs the combined total
length in centimeters. The calories of wire burned
can e determined with tho meu\u'ing -cu.l.o that dis
supplisd with sho \u.ro :

Rinse all inner hcmb m:taces wit-.h a sm of

neutral distilled water apd collect all washings in

a cloan beaker. Titrate the washings with the atandard
Bodium Ciibohsté solution’ uaing methyl orange indicator
to determiné thée ashount of acid foimed from the
incidental oxidation of nitrogen snd sulphur compounds.

A carnect!.on is nade to tl)ae cm_ ocE the heat 1ihor¢bed

R

in Ene to:mauon of t.he sedd. . |

Corredt the initial and f£inal- Mpotatnm from tha
calibration curve supplied with the thermometer.

-
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6 Calculations

5.1 @k (:ai/g) on asa fed basis

£inal temp,- Hydrothermal 1ength of Cal| »l
initial temp.l equivalent of ~ifuse wire X perj- Ma,

(walght of MJ

6.1.1 Example

A 1.0214 g sample of foed {as fod basis) was used. The
inttial temperature was 23,13%C and the £inal tamperature was
25.25°C. ‘The hydrothermal squivalent of the homp is 2412 cal
por degree O, There was 7.0 am of fuse wire burpad with &
vorrection of 2.3 cal per e of wire amd 6,0 ml of We, Co,
titrated (equivalent of 6.0 cal).

(25425 = 23.13) 2412 = (7.0 X 2+3) = 6.0
1.02i4 g sample on a9 fod basis

GF ( ral/g) =

= 3804 cal/g or 3804 K cml/kg

n.2 Adjusting to dry basim:

GE{Xcal/kg) on as fed unp:in
GE (Keal/kg) = X 100
dry matver % of as fad. ssmple

1  References

1. Harris, L.E. Nutrition annréh Technlques

1970 Volume I Utah State University,
Logan, Utah, :

Pars Instrument  Oxygen bomb calorimetry and casbustion

Company 1966 yethods. Technical Manual No.330.
Parr Instrument Company, Meline,
Illinois, -
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DETERMINATION OF MINERALS®

1 INTRODUCTION

Mineral elements have 2 great diversity of uses within the
snimal body, The prominence of each mineral element in body
tiasues is closely related to its functional role. Calctum and
phosphorus are toc major mineral slsments that must be present {n
adequate amounts in the fesds supplied. The anount of scdium
chloride and potassium in certain feeds should also he ascertained
to scraen out feads for feeding fiah and shellfish.

2 DETERMINATION OF CALCTUM

2.1 &Eﬂat\lﬂ

{(a) Porcelain dishes .

{b) volumetric flasks, 250 ml

{a) Deakers, 250 ml

(@) Quantitative £ilter paper and funnels, and
(e} Burette

2,2 Reagents

{a) Hydpoghlcwic acid (1-3 v/v)

(b} ¥Nitrig acid (70X)

{2) Amnonium hydroxide {(1-1 v/v)

{d) Mathyl red indicator (dissolve lg in 200 ml alcohol)
(&) Ammonium ocxalate (4.2% solution)

{£) sulphuric acid (58%), anpd _

{¢) Standard potassium parmanganate solution {Q.05N)

2.3 Progedure

Weigh 2.5 g of finely ground mater..tal. into a porcelain
dish and ash as above (alternatively use residue from ash

T Prepared by R. Paul Raj and Syed Ahamed ALL, Central Marine

Fisheries Research Institmte, Cochin=18,
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determination). AS4 40 ml hydrochlorie acid and a few drops of
nitric acid to the residue, bolil, cool, and transfer to a 250 ml
volumetric flask. Dilute t¢ volune apd mix.

Pipette a suitable aliquot of the solution {100 ml for
careal fasds, 25 ml for mineral feeda) into a beaker, dilute to
100 ml and add 2 drops of methyl red., Add ammonium hydroxide one
drop at a4 time until a brownish orabge colour ls obtalned, then
ad two drops of hydrochleric acid to give a pink colour, Dilute
with 50 ml water, boil, and add while stirring 10 ml of hot 4.2
percent amnonium axalate solution. Adjust the pH with acid o
bring back pink colour 1f necessary. Allow pracipitate to sattle
out, and filter, washing precipitats with smmonium hydroxide
solution {1.50 v/v). Place the filter papsr with precipitate back
in beaker and add a mixture of 125 ml water and 3 ml sulphuric
acid. Hest to 70°C and titrate against the standard permangadate
solution,

2.4 Calculation
Calciun (%)

ml permanganate solution  aliguot used (ml)
- x X 0.3
wt. sample 250

3 DETERMINATION OF PHORPHORUS

3.1 Apparatus

(a) Spectrophotametar to read at 400 ou and
(b} Oraduated flasks, 100 ml.

3.2 Resgents
(a} Molybdovanadate reagent

Dissolve 40'g auwnonium wolybdate 4,0 in 400 nl
hot water and ¢ool. Dissolve 2g ammonium meta-
vanadate in 250 ml hot water, cool, and add
450 mi 70 percent perchloric acid. Gredually
add the molybdate solution to the vanadate
solution with atirring and dilute to 2 litves,
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(b) Phosphorus standards

Prepare stock solution by qismlv.tng 8.788g
potassium dihydrojen orthophosphate in water
and ma<ing up to 1 litre. Prepare the working
aolutien by diluting the atock 1 in 20 (working
concentrate Q.1 mgl/ml).

3.3 procedure

Pipette dn allquot of the sample scolution prepared as for
the calciun determinatlon into a 300 ml f£lask and add 20 ml of
the molybdovanadate reagent. Make up the volumne, mix, and let
atand for 1D min. Transfer aliquote of the working standard
containing 0.5, 0.8, 1.0 and 1,5 my phosphorus to 100 ml flasks
and treat as above._ Reaad sample at 400 uyx satting the 0.5 mg
standard at 100 percent transmission. Determine mg phosphorus
in each sample aliguot fram a standard curve.

4 DETERMINATION OF POTAS3IUM

4.1 Apparatus

(a} Silica erucibles
(k) FPlame photometer and
{e) Muffle furnace

4.2 Reagente

{a) Hydrochloric acid (concentrated)
{b) Potassium standand

To prepare stock solutlon (500 ppm K),
dissolve 0.477g potasalum chloride (Analar)
and make up to 500 m) with distilled water.
To prepare working standard (10 ppm}, dilute
1:50,
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4.3 Procedure

pry 2g of sample in a silica emcible at 100°C to expel

moisture, AAd a few drops of pure olive oil and heat over flaoe
until swelling stops. Ash at 5S00°C in muffle furnace for 24 h,
cool, and add 2 ml concentrated hydrochloric acid to dissolve
the residue, Make up to 100 mi. Take 1 ml of this solution and
wake & further dilution to 100 ml.

Set the flame photometer to give a reading of 100 with
the 10 ppm standard, and then read sample solutlon. If the
sample reading dees not fall between 50 and 100 maks a fresh
dilution to give an appropriate reading.

5 DETERMINATION OF S0DIUM CHLORIDE
S.1 Apparatus

{a) Conical flasks

{b) Pipettes

(2} Burettes
5.2 nts

{a) Standard 0.1 N ailver nitrate solution

{b) Standard 0.1 W ammonium thiccyanate solution

(¢} Perric indicator - saturated aguadus solution

of ferric aluminiwm

(d}) Potassium permanganate solutlon - 6% wWiv

(@] Urea solution = 5% w/v and

(£} Acetone (A.R. grade)

5.3 Procedure

Welgh 29 sample into a 250 ml anical flask. Moisten :

sample with 20 ml water and then add, by pipette, 15 ml 0.1 N 3'

ellver nitrate solution and mix well. Add 20 ml concentrated
nitric acid and 10 ml potassium pemanganats solution and mix, .
Heat mixture continuously until liguid clears and nitrous fumes : “
are evolved; then cool. Add 10 ml acetone and 5 mi ferric .
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imdicator, and back titrate the excess silver nitrate with the
‘0.1 N thlocyanate solutlon to the red brown end point.

5.4 Calculation

Calculate resylts as sodium chloride,

‘s Nacl =

(15.00 = ml 0,1 W NH,CNS X 0.585)
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CHAPTER 4
DETEEMINATION OF VITAMINS IN FEEDS"

i1 INTRODUCTION

The vitamins, though required in small amcounts In the
diet, play major roles in growth, physiclegy and metaboliasm of
the animal. Thelr absence in the dlet causes major deficiency
syndranes, also, the vitamins should be present in optimum
levels in the diet; any excess in certain vitamins in the diet
cauges pathologleal symptoms and inhlbit grewth. Therefore,
the detemination of the amount of different vitamins prasent
in the diet is wvery important.

2 DETERMINATION OF VITAMIN A

2.1 Apparatus

{a) Saponification flask

{b} Reflux condenser

{c) Water bath

{d} BSeparating funnel

(g} Spectrophotometer or colorimeter

2.2 Reagents

fa}y Colorofom:

Wash 3 times with snh equal volunes of water,
dry over anhydrous sodiwn sulfate, distill, and
store over anhydrous sodium sulfate,

{k) Antimony Trichloride Sclution:

Welgh an unepéened bottle of antlnony chloride
(25«30 y. ), open it, and transfer to a glass-
stoppered, widee-mouthed, amber-coloured bottle

* prepared by Syed Ahamed ALl and R. Paul Raj, Central Marine
Fisneries Research Institute, Cochin=18. and Akio Kanazawa,
professor of Mutritional Chemistry, University of Kagoshima,
Japan,
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contalning 100 ml. of chloroform. Rewaigh tha
opened hottle and obtaih weight of antimony
trichloride added to the chloroform by differemce.
This soluion should. be-uité;ad 1: turbid,

{e) Alcomlj.c Potassium Hydmxid. Solution (0.5 MY:

] nissolve about. 38g: of potau:.\n hydxmd.da
.i.n 20 ml. of mat.er ard ad:ﬂ aufii.ciem: nloohol to
maka moo ml.-df ‘loluu.on.

{d) - Agquecus Potassiwn Hydmide aol.utj.on (0 3 M)

(e) _nj.eth;rl Ether: , . . '

. '?reahl:r diot.i.lled over: todi.m hydxnuiﬁe pel.let.a.
(£) Vitamin A standanda -

a chlorofom solut..lon mt.ain.l.nq 100 U.8.P. unl.l:o
~ of vs.t-.auu.n A pel: ml. This ia’ prepam by dim:l.vinq
" ‘s Welghed amount_of d.lomlod vimin A esters in

ehlorofemm.

2.3 Pmcodurc

wej.qh &n améunt of tat or oil oﬁnt.aining at leut 50 v.8.P.
Units into a nponitic.t&on \'.J.ask, 4dd the alcoholic potassium
hydroxide (10 ml.. per ‘gs 0F sample}; and attach to a reflux conden~
eor. Hedt on & water ‘bath for 30 min. Wash condenser with =l.
Of water. Cool, dilute with $0=-100 ml. of. weter, and tranafer to
a separatory funnel. Extract 4 times with ‘50=-100 ml. of ather.
Cambine the ether-extracts, pour two 50 ml. portions of water
through the combined ether extracts and discard the water without
shaking,. Wash the ether extract with 50 ml. of the 0.5 M agueocus
potassium hydroxide, shaking gently. Allow to separate, draw off
aquecus layer, and discard. Wash with 50 ml. portioms of water
until free of alkalli. Aallow ether extract to stand 5 min.,:
discard separated water, filter through 205 ¢. of anhydrous sodiug
sulfate, placed on filter paper in s funnel, into a 250 ml. €£lask.
Rinse the separatocy funnel with small portions of ether and add
the rinses to the 250 ml, flask, Evaporate the ether o dryness
on a water bath, removing the flask fram direct heat toward end
of the evaporation (viscous oily residue). Take up the residue



22

immediately in chloroform, adjusting the concsntratlon to
5=15 U,8,P. units par ml.

Transfer 2 ml. of chloroform to & colorimetar tube or
cuvec and add % ml. of ths antimony srichloride reagent with
the aid of a fast delivery pipette and zerc the instrument
(Blank). To another tubs or cuvet coptaining 1 ml. of the
unknown solution and 1 ml. of chloroform are added 9 ml, of
the antimony trichloride solution, The tube is immediately
stoppered, swirled, and the absorbapcs read with the iostrumsat
set at 620 np (A}, The reading should be mede within =6 sec,
after the additlon of the astimony trichloride solution. To
another tube or cuvet, #3d 1 ml. of the unknown solution, 1 ml.
of a Known vitamin A solution in chloroform approximately equal
in concentration to that of the unknown, and treat as above (B}.

2,4 Calculation

A
U,.8,P, units por ml » ~~= X concentration of standard
unknown B=A (U.8.P. units/ml.)

final volume
sanple weight

Vitanin Ag. smple = U.5.P. unita/ml. unknown X

1f the unknown is colorsd, s blank correction is wmade by
measuring the absorbance at 620 mA of 1 mpl. of unknown plus 10 ml.
of chloroform. b

3 DETERMINATION OF THIMMINE

3.1 atus

(a) Steam bath

{b) Incubator (45-50°C)

(c) Glasa distillation apparatus
{d) Puchner funnel

(e) Refrigerator

(£) Thiochrome tube

(g} Flucromater
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Then wash similarly 3 times with hot 25 percent
potassium ¢hloride solution. Filaally wash the
zeolite repeatedly with water, filter on a
Buchner funnei with the .id of suction, allow
to dry at 1007C, and bottle.

{n) Enzyme Solutionh:

Pr<pare a fresn 6 percent aguesous rolution
frem a sultable scurce of eniyme., Mylase.P,
polidase-5, Clarase, or Takadiastase are generally
sultable. :

{1} Standard Thiamine Stock Solutiong

Transfer about 25 mg., of U,.5,.p. Thiamin
Hydrochloride Reference Standard, pravioualy
dried at 105° for 2 hrx, and accugrately weighcd,
te a 1000-ml. volumetric flask. Dissolvae the
welghed samples fn 30C ml, of dilute alcohol
solution {1 : 3), adjusted to & pH 3,5-4,3 with
diluted hydrochloric acid, and dilute to volume
with the acidified dilute alcohol. &Store in a
1ight resistant bottle in a refrigevator and
renew each month.

(i) Standard Thiamine Soclution:

Pipette a voliyne of rtardard Thiamine Stock
solution, equlvaleut to 100 ug. of U.5.P. Thia-
mine Hydrochlorida Refsrence Standard, into a
100-ml. volumetric flask, and dilute with acild
potassium chloride solution Lo velume. Dilute
10 mi. of thia solation with acid potassium
chiloride solution to %D ml, Each ml. of the
resulting stancard preparation contains 0.2Atg.
uf thiamine hydrochloride.

{x) Wulpine sSulfate Stock Solutlon:

Dissclve 0.025 of quinine sulfate (CpabingN,0, )2
H2504.2H20, in sufficient 0.05 M sulfurln acld t3
wake 250 ml. Store in a davk-rrown botcle at a
temperature below 5°C
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3.2 Reagents
{a) Aoid Potasafum Chloride Solution:

(b}

{c)

{2}

{®)

{£)

(1

Disaolve 250 ¢. of potassiun chloride in
sufficient water to make 1000 mi. Add 8.5 ml.
of concentrated hydrochloric acid to the 1000 mi
of potassium chloride ascolution.

Sodium Hydroxide Solution, 15 parcent:

Diss.lve 15 5. of scdium hydroxide in
sufficiant water to make 100 ml.

Potassium Perricyanids Soluticn, 1 percent:

Diasolve 1 g. of potassium ferricyanide
(K-aﬁ(cu}sj in sufficient water to make 100 ml.
Prapare frosh on the day of use.

Oxidizing Reagent:

Dilute 4.0 ml, of 1 parcent potassium
ferricyanide solution to 100 ml. with 15 percent
sodium hydroxide solution. The solotion sust be
ured within 4 hr,

Isobutyl Aleohol:

The fluorescence of the isohbutyl alcohel
ahould not excesd 10 parcant of the fluarescance
of the quinine standard {(below). Redigtill in an
all-glass apparatus and collect the fraction
boiling in the range 105°C-108°C.

Sodiwn Acetate Soluticn:

Frepare a 2 M solution of sodium acetate by
dissclving 275 g. of Ha 021-1303.3}120 in water and
dilate to 1000 ml.

Activated Zaolite:

Place 100-%00 g. of 60 to 80-mesh zeolita
in a suitable beaker, Stir continuously for
1% min. each with ¢ portions of hot 3 percest
acatic acid, The acid ahoyld cover the matarial,
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%
(1) O(uinine Su)fate Standdrd Solution:
_ ' Dilute 10 ml. of stock qu.mim mltate
solution to 1 litre with 0.1 N sulfuric scid,
This solutlion is stable for three months if
gtored in & brown bottle at a temperaturs below
" B*C. _ :
tmy B;:mocrenol Gresn pH Indicator:
Disaclve 100 mg., of bromocrescl green with
7.2 ml. of 0.05 M sodium hydroxide and dilute
with water to 200 ml.

d. Procedure

3.4.1

3.4.2

Freparation of the Extract:

Accurately weigh or pipette intc a £lask of suitable
size a sample astimated to contaln not mors than 50 mg.
of thimmine, add 65 ml. of approximately 0.05 M sulfuric -
acid and digest for 30 min., at $5°-100" onm a stsam bath,
with frequest mixing. Cool the extract to below 50°C
and adjust pH to 4.0-4.5 with sodium acetate solution.

Add 5 ml. of the freshly prepared ensyme solution, mix,

and incubate at 45°-50°C fof,2 hr. Make W to 200 M1, by
the addition of water, mix thoroughly, and filter. Dlscard -
the f£irst 10 ml, of flltrats .ﬁn_-?xlm remainder., '

Purification: o,

plug the bottom of an adsorption oolmu?ﬁiochm
tube) and introduce an aqueous suspension of activated
zaolite to give a &~cm, column. Allow the water to drain,
keep a small layer of liquid above surfece of oclumn,
and pour in 100 ml, of 3 percent acetic acid. Allow to
drain as before. ¢

Transfer 10 ta 50 ml. of the original ox‘izt_mt_, con~
taining about S pa- of thiamine, to the prepa:qddhmatn- )
graphic tuba. Wash the column with three 1i0=-mi, portionas
of boiling hot water and discard washings.
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R :
Eluate the thianine frem the zeclite by passing through :
the colunn hot acid potassium chloride solution. Collect ¥
eluate in a 25 ml. volumetric flask. ‘Add a second 10 ml. '
aliquot when all of the first portion has entered the
column and collect the eluate as before. Cool and dilute
to volume with acid-potassium chloride solution. This is
the “sample eluate". Repeat with an alicquot of the standard
thianine solution using 5.0 pg. of thismine in place of the
unknown,

oxidation to Thicchrome:

In this and all subsequent stages undue exposure of
the sclutions to light must be avoided. Pipette 5 ml. of
the sample eluate into each of two reaction vessels. To
the firast add quickly with mixing 5 ml. of the alkalire
potassiyn ferricyanide solutiony to the second, add 5 ml,
of 15 percent sodium hydroxide solution. Add 25 ml. of
water saturated lscbutyl alcohel and shake the tubas
vigorously for 1.5 min., Cantrifuge the tubez at low
speed until c¢lear suspernatant extract can be obtained
from each tube, Remove the stoppers, drain off the lower
layer, add approximately 2 g. of anhydrous sodium sulfate
to each tube, and shake vigorously for a moment.

Add 5 ml, of the standard thiamlne solution into
sach of two reaction vessels. Treat these tubes in the
same manner as directed for tubes containing the "sample
sluate”,

Caution:

To avoid changes in experimental conditions the .
oxidation of all solutions used i{n a given assay should :
be carried out in immediate succession. Similar precautions
must be taken in measurement of thelr fluorescence.
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344 Thicchrome Flucrescence Measurement:

Filter should have a narrow tranmmittande range:’ faput
£4)ter with maximum about 365 mu, and cutput fllcer - with
anximm about. 435 mp. . Use the quinine sulfate -aw
solutian to govern pepreducibllity of fluoraweter. MeRSuUre
fluorescence of the isobutyl alcohol axtract from the
sxidined sample cluate and call this reading A.  Next,
msasurs flucrescence of the axtract from sample aluate
WALSh NS boen trsated with 5 ml. of 15 percent sodiym
 hypdponide solution and call this road-t'mb { sample DIANK).
Measuzre fluorescence of the sxtract f£rom the oxidioced
thimine standard solution {8). Finally, measurs £luorew
scance of the extract of the thismine standard solution
which has been trsated with 5 ml. of 15 parcent asodium
hydroxide and call this resding 4 (standard blank).

3.5 caloulasion
uemrm of thiamine hyamcuo:m B L (aeb)/(8-4)
b nl, sample oluate

4 DETERNINATION OF RIBOFLAVIN

™is method is applicable to whole-grain products, grits,
meak; flaked and puffed coreals, and bread,

¢-3 jamaratus

(s} Dessicator

(b} Refrigerator
(e) Autoclave
(d) Plucrometer

4.2 pspgents
(a) Sulfuric Acid Sclution (0.05 M)
{h) Sodium Aoetate (2.5 M):

hissolve 340 g. sodium acetate trihydrate and
ailute to 1 litpa.
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{e) Potassium Permanganate, 4 percent:
Prepare freszh dally.
(4) Hydrogen Peroxide, 3 percent:

bilute 30 percent hydrogen peroxide
{Superoxol) 1 : 10 with water.

{8} Riboflavin Stock Solutions
Ribaflavin Stock Solution I:

. Dry Riboflavin Reference Standard {U.5,P.) over
phosphorus pentoxide in desaicator for 24 hr. Dissolve
S0 mg. in 0.02 M acetic agid io a 300 ml. volumetric
flask and make up to volume., Store under toluspe
in an smbar bottle and refrigerate, 1.0 ml. = 100 pq.
rikoflavin.

Riboflavin Stock Solutdon II:

To 100 ml. of Riboflavipn Stock Solution T add
0.02 M acetic acid solution to make 1 litre., Stors
undar tolusne in amber bottle and refrigerate,

lL.0 ml, = 10 Pg- riboflavin.

Riboflavin Stock Sclution IXI:

Dilute 10 ml. of Riboflavin Stock Solution IT
with water to make 100 ml. 1 ml, = 3 faul riboflavin,
Prepare fresh daily, and protect from light.

4.3 Procedure

Sodium Hydrosulfite:

Accurately welgh a sample into a 100 ml. volumetric
flask, using the following plan:

For Sample Containing {mg./lb.) Welght of Sample (g)

0.0 - 0.8 5
0.8 - 2.0 4
2.0 =« 4.0 2

MK 75 ml. of 0.05 M sulfuric acid, mix, and either
autoclave at 1% lb., for 30 min. or immerse flask in bolling
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1

water for 30 min. Shake flask every 5 min. and cool.

ASd S ml. of 2.5 M sodium acetate solution, Mix, et
stand for 1 hr. Dilute mixture to volame and filter
through medium-£ast paper such as Whatman No.2 or No.4

(or equivalent), discarding Zirst 10 to 15 ml of filtrate.

To each of four test tubes and 10 ml, of smple
solution. To each of two of thess tubes add 1 ml. of
the standard riboflavin solution and 1 ml. of water
(Solution A). To each of the two remaining tubes add
2 ml of water (Solution B). Mix. 70 ssch tube add,
with mixing, 0.5 ml. of 4.0 percent potassium peiman-~
ganate solution, Lat stand 2 min.; then to sach tubs’
a3, with mixing, 0.5 m}. of 3 percent hydrogen peroxide
solution., Shake after adding peroxide to the solucion.

Mjuast flucrometer 80 that glass standard or sodfum
fluorescein solution gives suitable galvancmeter deflec-
tion as directed for the instrunent. . Detecnioe
tluorescerce of solutions A and B. Measure fluarescence
with no more than 10 ssc, of exposure in fluarcmeter.

To dilution B add, with mixing, 20 mg. sodium hydrosulfite
and determine blank flucrescence, C. (Do not use reading
C after collajdal malfur’ begins to form).~

4.4 calculation

Riboflavin mg./1h _ PC_R_V

2 =X X 0,454
A=B B Vi

where A = fluorometer reading of sample plna z‘ih_oﬂ,awl.n
standard, '

B = fluorometer reading of sample plus water,

= fluorometer reading aftver addition of sodium
hydsosuléite, '

R = standard riboflavin,
¥ = original volume of samplc solution in ml..

© ¥ = volume of sample aclution taken for measurement
ml., and '

& w sample waight in grains.,

o
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S DETERMINATION OF VITAMIN C
5.1 A.0.A,C. METHOD

§.1.1.Apparatus

(a} Dessicator
{b) Refrigeratoy
(2) Pulvarizer

5.1.2 Reagents

{a) Metephcaphoric acld-acetic acld stabilizing extracting
solutiony  Dissolve, with shaking, 15 ¢ glasial HPO,
pellets or freshly pulverized stick HPO, in 40 ml
cacetic acid apd 200 ml water; dilute to ca 500 ml ard
filter rapldly through fluted paper into glass-
stoppared hottle, HPO, slowly changes to HPO,, but
if stored in a refrigerator this solution remains
satisfactory for 7-10 days.

(b} Ascorbie acid standard solution: Referenca ascorbic
a0id ahould be kept cool, dAry, and out of suniight.

{e)} Indophencl standayrd solution: Dissolve 50 mg 2.6
dichloroindophanol Na salt {Eastinan No,3463), that
has been atored in demsicator over soda~lime, in
S0 ml Ha0 to which has been added 42 mg NaHCO,; shake
vigorously, and when dye dissclves, dilute to 200 ml
with H,0. Fllter through fluted paper into ambar
glass-stoppered bottle, Keep stoppered, out of direct
sunlight, and store in refrigerator. Decomposition
products that make ead poiat indistinct ocour in some
batches of dry indophencl and also develops with time
in stock solution. Add 5 ml extracting solution
containing excess ascorbic acid to 15 ml dye reagent.
If reduced solution is not practically colorless,
discard, and prepare pevw stock solution, 1If dry dye
is at fault, cbtain new apecimen,
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Weigh accurately (0.1 mg) Ca 100 mg of the
reference standard ascorbic acid, transfer to 100 ml
glass-stoppered volumetric flask, and dilute maxk with
the HPO =HOAC reagent. Standardize indophenol a?muon
at once as follows: Transfar three 2.0 ml aligquots of
the ascorbic acid solution to each of thres 50 ml
Erlemeyers flasks containing 5.0 ml of the HPO,~HOAC
reagent. Titrate rapidly with the indophenol solution
from 50 ml burette uptil light but distinct rose-pink
colour persists at loast $ sec. {(Bach titration should
require ca 15 ml of the indophencl solution, and
titrations should check within (0.1 wml). Similarly
titrate 3 blanks composed of T.0 ml of th. mos-m

*  reagent plus volume H,0 ca equivalent to volume indo-
phencl solution ussed in direct titrations, After
substracting average blanks (usually ca 0.1 ml) from
standardization titrations, calculate snd express
eoncentration of indophenol solution as mg asdorbic

- acid equivalent to 1.0 ml resgent, Standardize
indophenol selution daily with freshly preparwd
standard ascorbic acid solution. '

3.1.3 Preperstion of smpie and detayminetion

Prepare a juice frem sample as follows: Mix thoroughly -7
by shaking to insu>~- uniform swple, and fileer throuwgh
absorbent cotton or rapid paper. Prepare fresh juices by
‘praseing well-pulped fruit and filtering. Dpress juice
of cltrus fruita by one of conmon devices used for aquessing
oranges or lemons, and £ilter. M aliquors of at least
100 ml prapared jui.mtooq\mlvolmo.ottb.m =HONZ
reagent., Mix, and filter rapidly through rapid tol,dod
paper (Eaton=-Dikeman No.195, 18,5 om, or equivalent).
Titrate 10 mi aliguots, and make blank determinations for
correctiohs of titrations as Jdescribec previcusly, using
proper volumes of acld reagent apd Ha®y Express sscorbic
acid aa mg/l00 ml original juice,
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5.2 ALTERMATE METHOD

5.2.1 Reagents

{a) Oxalie Acid Solution, 0.4 percent
L3
{b) Stock Ascorbic Acid Solutlon:

Weigh accurately 100 mg. of the reforaence
standard ascorbic acld, transfer t¢ a 100e-nl.
volumetric flask, and dilute to mark with 0.4
percent oxalic acid solution,

(e} Aacorbic Acid sStandard Solutions:

Transfer 5, 10, 15, 20, and 25 ml, of the
stock ascorbic acld aolution to each of a series
of 500=-ml. voluretric t£lasks, and dilute to the
mark with 0.4 parcent oxalic acid solution, These
aclutions, numbered 1 to 5, contain 1, 2, 3, 4.
and S mg. of ascorbic acid per 100 mil., respectively.

{d) Indophenol Standard Solution:

Dissolve 12 mg. of 2,é-dichlorophenclindo-
phenol in warnm water., 'Filter and dilute to I liter
with water,

5.2.2 Preparation of Standard Curve

To four colorimater tubes add the following: 10 ml.
water {W); 1 ml. of 0.4 percent oxallc acid {No.l)r 1 mg.
of working standard Nc.l plug 9 ml. of water (S}r 1 ml.
of working atandard No,l {No.2), Transfer tube W to a
colorimeter get at 520 ma and sat instrument at zero
on absorbance scale, To tube marked No.l add 9 ml. of
standard dye solution, mix, and record reading (L)
exactly 15 sec, after adding the dye soluticn. Then
adjust the instrunent to zZero with tube 5 in the colori-
meteér. To tube No.2 add 9 ml. of the standard dye
solution, mix, and record reading (L;) exactly 15 sec.
after adding the dye solution, Treat each of the
standard solutions in the same manner and construct
stapdard curve by plotting absorbance of total dye
mimis that of tie standard sotutions {1y - L) Vs,
concentrations of the standard asolutions (mg./100 ml.)
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$.2.3 procedyre

BMend S0 g. of sample for 30 min. in & Waring Blender
with 350 ml. of O.4 percent oxalic acid solution and
filter. oObtain I‘l roading as described akove, To tube
S add 1 ml. filtrate plus 9 mi. water and adjost instru-
mnt €0 serv.  To tube Wo.2 add 1 ml, filtrate plus 9 ml.
of dye and recard L, reading after 135 sec. Calculate
l‘l - Ly and obtain the mtnt_lon of ascorbic acid
fram tiw standard curve.

& REFERENCES

ls AOWC = 1965 official Methods of Analysie of the
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2. Mwrand, L.W. Foods. In Standard methods of chamical

1973 analysias, volume 3, Instrumental methods,

Pazt B Wilcher, F.J. (Od).,‘ 1975
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DETERMINATION OF GROWTH INHISITORS AND TOXINS™

1 INTRODUCTION

Cartain foedstuffs contaln natural toxins that, at high
enough levels, are growth inhibltors and somatines fatal to the
animal consuming them. Principal amcng these arae: (a) Urease-an
enzyma found in raw soybean which produces toxicity through the
hydrolysis of urea to amoniay {b) gossypol-an endogenaus toxin
present in the gland of cottonseed which persiats during pruduc-
tion of the meal unless removed by » special process, or, uhless,
the cotton seed is a glandless varietys (¢} Isothiscyanates-
cyanogenic glycosides are found in linaead and cassava; {(Jd) afla-
toxin 18 a class of extramely potent toxins produced by the mould
Aspergillus flavus, Aflatoxin may ba present in any materiala
produced and stored under hot and humid conditlons and is usually
found in groundmit cake, palm caka, copra cake and maize,

2 DETERMINATION OF UREASE ACTIVITY IN SOYBEAN MEAL

2.1 Apparatus
{a) Water bath at 40°C, capable of maintaining
temperature within + 1°C, with shaking device,

{b) Conical flaaks, 125 ml
{c)} Veolumetrie Elasks, 25 ml and
{d} Spectrophiotomaster,

2.2 mreagenta
{a) Dimathylaminobanzaldehyde solution (DMAB):

Dissclve 16g DMAB Iin 1 licre 95% athyl alcohol,
and add 100 ml congentrated hydrochloric acid (stable
£or ona month)

{b) Pyrophosphate buffar:

Dissolve 23.3g Na4pzo7101-!20 in approximately
980 ml dletililed water. Add 3 ml of concentrated

* Prepared by R. Paal daj and Syed Ahamed AL, Cenkral Marine
Fisheries Research Institute, Cochin=18,
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HCl and then additional HCL until the pH of the
uffer iz 7.7 = 7.8, Dilute to 1 litre.

(c) Buffered urea solution;

Dissolve Odg urea in 1 litre pyrophasphats
wuffer {stable for one week).

{d) 2Zinc acetata solution:

Dissolve 22.09 zinc acetate 2!120 in distilled
water, add 3 ml of glaclial acetic acid, and dilute
to 100 ml.

(®) Potassiun fergotyanide solution:

Dissolve 10.6g K Fe (CN) 3,0 in distilled
water, and dilute to 100 mi.

{£) cCharcoal

2.3 Procedure

Accurately weigh 1 g of soybaan meal into a conical £lask
and 50 ml of the buffered urea golution. Incubate in water bath
for exactly 30 min at 40°C with shaking. Remove fram water
bath and quickly add (.5 ml gach of concantrated HC1, ferrvocys
nide solution, zinc acstats solution and 0,1y of charcoal.

Shake for 15 min. and filter, If the filtrate is ocoloured,
repeat the procedure using more charcoal, Pipeatte 10 ml
aliquots of the flltrate and the DMAB folution into a 25 ml
volumetric flask and make up to volume with distilled water,
Make up also & reagent klank (10 =l DMAR made up to 25 ml with
water) and-a ures blank (10 m2 buffered urea solution and 16 ni
BMAD made apto 15ml with water). Prepare a standard curve oy
plpetting aliguots of buffered urea solution £rom 2 to 12 ml
inta 25 ml volunetric flasks, adding 10 ml of DMAS and make up
to volume,

Mix flasks well, stand in water bath at 25°C for 10 min,
and then read at 430 ma, Calculate urease activity as mg/litre
urea ia urea blank less mg/litre urea in sawple.



TODERTERNTUATION AT TP GOSIYPOL IN COTDRITTED SEAL

3.1 Apparatus

faj)
(=)
te}
(&)
{e}

reenanical shahor

Irecirophotometer

Zonigal flasks, 3503 ml capacity
Volunetric flasks, 25 and 250 ml and
viater bath (bolling)

3.2 Reagents

{a)

(<)

=)

{e)

Auaous, acetone, 7 parts acetons, 3 parts
distilled water (v/v)

Auedus acetone - aniline solutrion:

To 700 ml acctone and 300 ml distilled water
add 0.9 ml redistilled aniline. Prepare solution
daily.

mgugous lsopropyl aloohol solution: B parta
isopropyl alcohol, 2 parts distilled water (v/v)

Aniline:

Distill reagent grade aniline over a small
guantity of zine dust, discarding the first and
last 10 percent of the distillate. Store refrige-
rated in a brown ylass stoppersd bottle. Stable
for sevaral nenths.

Swandard gossypol selutilon:

(i) Dissolve 25 mg of nure gossypol in aniline-
free acetong and transfer bo a 230 ml volunetric
flask using 1C0 w1 of acctome. Add 75 ml of
distilled water, dilute %o volume with acetone,
and mix,

{1i) Take Z0 1 of sclution {a) a2dd 10O ml pure
acatong, &0 wl of distllled watsr, milx, and dilute
to 250 ml with purce acsetone.  Zolution () contains
2.02 my gossyosol/al and Ls stable for 24 h An
darkmers,
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3.3 progedyre
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nydroxids indicates tha: the cottonsaed meal is untreated and
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3.3.1 Procedure (1)1

Ly srnaon el 0 fzenl 26 w0k sveal Dnoe
Wwelgh O.$-t6°ig: O hunpike; | dapending. 90 SUpHS 209y 1 om0 s orign
gossypol content, {nco- W eonicel: 1k and ald GLOBE i bonuzn
beads. Plpettd imiG0 mllof! equecsa aretoRe: SOTUEAOR 5
stopper the £lakk; and Eniake Forroas bennisoc PSS enp i 000
discarding the firet faw ml of £AlEpake.apsd: Eh@O i coideciion eod
pipette out duplicate aliquots into 25 ml volunetric

flasks. (Take aliquots from 2 to Mwidn addn. QOPERNG o g nnger

on expected gossypol content). Dilute one of the
abiquots to volue itn Eqiectis Tacpropyl " stoal <
{sclution a), while to <’ obner WlTuidd (sorutEsh byt 30 ¢
232 2 m) realstilled Ga{iindi Tiat Xn § DV wetF oS it
path for 30 min tagether with & FEént Blank Conbksiing S v
2 ml of aniline and & valune ‘OF “aghoul acstor-HERIRLsR 2 ot 10200
S i ee dd Lok Crde T ade RRE 1 L Gan T

ture in a water bath, Diive ‘to‘*éé‘i'\mé’with  aquebige e I
isopropyl alcohol. P e AT o - RO RCNER N EH RN

Resd samples at 400 mu. 3st jnstrannt o O
absorbance with aguecus Asopropyl alcchol, and deter-
nine absarbance of solution'a’and reagent Prank. tf
the renqept blank is below 0.022 absorbance proceed
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as below, otherwisc repeat the analyails using freshly
distilled aniline.

Detemtine the abzorbance of solution b, with the
reagent blank set at O abaorbance, Calculate the
corrected absorbance of the sample aliquot: the
corrected shsorbance is the absorbance of soluticon b
minus the absorbance of solution a, Determine the
w3y of free cussypol pressant in the sample solution
waing the <-lbration curve (sea bhalow).

Procedure (2}

Waigh 1g of sample into a conical flask, and add
50 ml aquecus acetone, shake, and filter as above.
Pipette duplicate allquots of the filtrate (from 2 to
5 ml, depending onh expected fres gossypol level) into
25 ml volunetyric flask, Dllute one of the aliquota
to voluwne (solution a) with agueous iscopropyl aleohcl
amd leave for at least 30 min before reading on the
spectrophotometar, Treat the other aliquot (solutfon b)
as in procedure (1), determine the absorbances of
solukiona a and b a8 pefore, and caloulate the apparent
content of gossypel in both solutions a and b by uaing
the callbration curve (see balow).

Preparation of calibration curve:

Pipette dyplicate 1, 2, 3, 4, 5, 7, @ and 10
aliguota of the 0.02 mg/ml gossypel standard into 25 ml
volunetric flasks, Dilute ane set (solution a) to
volume with agueous isopropyl aleohol and determine
absorbances ag previcusly. To the other set (solution

+b) add 2 m! of redistilled aniline and proceed as

previously, Prepare one reagent blank, using 2 ml
aniline and 10 ml of aqueous acetone, haeated together
witit the standards, ULeterine absorbances as in
progedure {1} and cazlculate the corrected optical
duensity for ¢acn standard solution: -
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Corrected absorbance = (absorbance solution b -
absorbanee solution a). Plot the stardard curve, )
ploteing corrected absorbance against gossypel con—
cangrate in the 25 ml volume.

3.4 galculation
Calculate free gossypol percent in normal meals as:
5G
Free gossypol % = ==
wv

where g - is the graph reading
W = sample welght.
v - aligquet volune usad
For chemically treued meals:
S (B~ A) @

Free gossypol % =
Wy
whera A -'mg apparent frea gossypol in sample aliquot (a)
B -~ my apparent free gossypol in sasple aliquot (b)
W - aampls weight
Vv ~ aliquot volume used

4 THIOGLUCOSIDE DETERMINATION

The method described will give approximate thioglucoside
content but doas not allow the individual thioglucosides and
iscthiocyanates to be determined,

4.1 Apparatus and Reagedits

{a) Barium chloride (5% solutlion)
(b} volumetric flasks, 600 ml end
{c) Steam bath.

4.2 procedure

To 109 meal {de-fatbted by Soxhlet axtraction) add
250 ml distilled water, hydrolyse at 54°C for 1 h and then
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hoil for 2 h, keeping volume canstant, Filter, retalning
filtrate, and wash residue three ‘times with S0 ml hot water.
Add washings to initial filtrace and make up volume to 600 ml.
Precipitate barlum sulphate by heating and adding excess
bariwn chloride solution. Leave on a stean bath for a few
hours and then filter. Ash in a muffle furnace and then
weigh precipitate.

4.3 calculaticn

Calculate approximate thiogluccoside content as:
% thioglucoside
{(M.wt. thioglucoside) (Wt, of Ba 50,

- X 100
{M. we, nasc4) {Sample Wt.)

5 AFLATOXIN ANALYSIS

A mathod of aflatoxin analysis is outlined below which
is suitable for materials such as groundnut meal, coconut meal,
and palm Kernel meal. For full details of the method, amd for
alternative procedures reference should be made to Methods of
Aflatoxin Analysis by B.D. Jones {1972},

5.1 Apparatus

{a) Thin layver chromatography plates, 20 X 20 om
(b) UV lamp, peak emission at 355 nm

{c} Bottles, wide-mouthed, 230 ml

{4y Micropipettes, and

(a) Shakiag device.

5.2 Reagents

{a) Chloroform {reagent grade)

{k) Diethyl ether (reagent grade)

{¢) Chlorofarm/methanol mixture (95/5 w/v)
{d) *Celite", diatomacéous earth

(@) Kieselgel 'G' {Merck)



{£* .walltatlve standard:

“elps to distinguish _aflato:éin apots from
other fluoprseint spoks which may I»e present.
A groundnut ral contalning aflatoxins O,
obtained frus tin Trojdcal Products Instltute,
London, ¢an w2 uaal for this purpose.

5.3 Procedure

Welgh 10 ml of meterial into & wide mouthed bottle and
thoroughly mix in 10 mi of water. {(If nigh fat material 4is
used, a prior Soxnhl ¢ extraction with petroleun ether will bo
necessary). Add 100 ml of chilokofdem, stapper With & chloxo-
forn rosistant bung, and shake for 30 min. ':": r-‘.i.l‘._tér the extragt ;
through "Celite*, tale 20 ml of filtrata and make up ta 25 ml
{sulution al. Take another 2r ml of filtrate and concentrate
ko 5 al ‘colution b). S o

) Drapare t in layer plaas by shaking ‘tieselgel ‘G
(190 g) wit'- sater (¢10 ml) for 20 min and apply the mixture
Lo v.. _latgs with a sultable apparatus to a depth.of 509 a1,
Liavz for L oh, then dry at 100%7. Spet 10 and 2y ml of
solution b, ard 5 apnd 10 ml of golation a onto a plave,
toysather with a .ualitasive standard spot, in a liae % @
from the bottom of the plate and at least 2 o ia fram each
side. Carcy out the spot application ia subduad light.

Devalop tha plate dn dieeliyl stiv+ ns a halyht of
12 ow.  Allow co dry in subdusd light the. redevelop the
plate bo ehilosefarm methanal (9%/5, v/v) o a ﬁeight of 10 an
Eron the arcliee.  Lxaadne L plate an 3 dark oo, 30 om
Eran the 1V acures.  Tae prescace of a olue fluoreseent Fpot
at = 0.5 to §.30 indicacos 2flatoxdn 3 -(check that the
standard spot alse 1leg in this range)s . Ehe presence of &
second spot at Rf ©.1% Lo 3 indiv.tas aflatoxin <. The
toxiclby level of a 2ampls can then o classifled in terms
of aflatoxing 3 nnl 5 oodordiog to Taoble 1,



Table 1. Tuxicity levels for Aflatoxina 3 and 3

Concontration of aflatoxins

Toxiofty
vol. applied { pa/kg) level of
(Wand No _ vith fluorescence

fluorescance  fluoreszonce observed
S ul {scln, a) < 1000 = 1000 Very idgh
10 pl {#olo. a) < 500 500 - 1000 high
L0 pul {2oln, b) . 100 100 - 300 med Lum
20l (soln. b) < 50 50 -~ 1lo¢ Low
& RIFERENCES
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CHAPTER 6

METHODS IN SUGAR ANALYSIS"

L DETERMINATION OF TOTAL 3UJARS IN MOLASSES

1.1 Apparatus

{a} Elactric heater, and
{b} OConical Elasks, 300 wml.

1.2 gesgents
{a) Pehling's solution (Soxhlet modification):

(1) Dissolve 34.63% g of copper sulphate sa,o in
water and make up to 500 ml, Filter, and

{i1Y Dissolve 173 of putassium acdium tartrate
41,0 and 509 sodium hydroxide {n water, dilute
to 500 ml, stand for two days, and Ellter
through prepared asbastos,

(b)) Invert augar standards:

Prepare stock solution by adding 5 ml of
hydrochloric acdd (sp.g 1.19) to 9.5¢ of sucrose
in solution and dilute to about 100 mi. After
storing for two days at room temperature, dilute
to 1 litrs, Prepare working sclutions {5 mg/ml}
oy pipetting 100 ml of the stock solution ipto &
200 ml volumetric flask, and neutralising with
20 percent sodium hydroxide wsing phenclphthalein

as the indlcator. Diluke to mark and mix.
(¢} Hydrochloric acid (s#p. g L.18), ' T
{d) #Hydrochiorie acid {0.5N}, - )
{e) Sodium hydroxide (20%),
{(£) Phenclphthalein indicator (1% solution in aloohol},
{g) Methylens blue indicator (l4 aguecus solution).
T Prepared by Akl Kanazawa, Drofessor of Wutritlonal Chamlotry,

Kagoshima Univarsity, Japen and R. Paul Raj, Central Marine
Fleherlias Ressarch Institute, Cochin-18.
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1.3 Procedure

Disgolve Bg of liguild molassas amd make up to 500 ml.
Carry out an acid hydrolysis on 100 ml of the filtrate by adding
5 ml of hydrochloric acid {sp. ¢ 1.18) amd allow to stand for
24 h. Neutralise with sodium hydroxide (20 poocent}) using
phenolphthalein as indicator, and then dilute to 200 ml.

1.3.1 Standardisation of Soxhlet solution:

Pipette 10 ml of Soxhlat solutions (i} and {ii) into
a conical £lask, mix, and add 30 ml of water. Add from a
Lurette a volume of working standard that is almost
sufficient to reduce the copper in the Soxhlet solution.
Bring to boiling amd continue boiling for two minutes,
Add four drops of methylene blua and rapidly complete
the titration, while atiil bollling, until a bright orange
colour 1s resuned. Repeat several times and detemine
the volume of solution required to complately reduce 20 ml
of the Soxhlet solutilon,

1.3.,2 Titration of sample:

First, carry out ap approximate titration: Pipette
10 ml of solutions (i) and (iil) into a f£lask and add 10 ml
aliquot of the sample solution., Add 40 ml of water and
bring to betl. If blue colour persists, titrate with a
standard working solution and calculate tha approximate
sugar content of the sample.

7o accurately determine the sugar content, pipette
L0 ml of Soxhlet solution (i) amd (i1) into a flask and
add an allquot of the sampla solution. The volume of
sample used will depend on the sugar content of the
sauple (seae Table 1).
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Table 1. Sample volumes Used in Soxhlet Tieration
k]

9 mample in' Total sugar
al_!.quob as .I.nve:t.. 5

;ml H,0 ‘ ml sample

© 10 0.08 no
35 13 Q.12 oLt B2es8 7 i

k1)) 20 . 016 : _.‘m-_, o

* 2 =0 20 T T ._;“'aﬂ'sﬁlr"q

20 3 - 0. 24 B £ 2§'°h

Add water as indicated in the tahl.e, g MMJ..
During boiling, add a quanut:y oF' womng » .
2 burette 80 that the titration is noariy canplote Md
methylene blue and camplete the titration. . .

SEoEnLE Y

ca.lculate :ha percanthe mu* {u im.rt) hy ths foomala: ... oo

FEAER R IVE P

%augar-(r\-u) xlxloof'v

where F - is the volume of standard nesded to reduce 1 S
of Soxhlet solution,

M - ia the volwie ‘of stardard ,s a.r solul;lon :QW
{0 complete ‘the back titratio

1= is the waiqht of it;varg mgq: ,m 1 .u gfw.:.-v‘h.-c
c st:anda.:ﬂ, and _ s BTN T

~ 2 GASaL

The trl.methylsily.l, der;ueivas (ms; o eharhohw:atea '
were shown to be the most satisfactory £or.‘m ﬁor general anaty- ..
tical studies in gas liquiq cl'ttunatoc:praphy '!'he procodune
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given in this Chapter has been routinely used for the GLC of
Sugays at the University of Kagoshlima,

2.1 Preparation of THE derivatives

TS reagents:

Anhydrous pyridine, 5.0 ml
{dried over KOH)

Hexamethyldisilane, 1.0 ml .
{Kodak Eastman} '

Trimethylechlorosilane, 1.5 ml
{Kodak Bastman)

A mistture of the abowve campounds, in the proportioa given
is used for the trimethylsilylation reaction. The reagent should
not be more than sligntly turbid at first; if it is very cleudy,
tine pyridine is not sufficiently dry. ‘i‘he reagent mixture should
e stable for at least 7 days at room tamperature, provided
moisture is carefully excluded.

2.2 brocedurs

Weigh a knowh amount of sugar (about 10 mg) into a
plastic~stoppered vial and add i ml of the above pyridina'silanes
wilxture. The mixture is shaken at intervals until the sugar
dissulves completely, oOccasionaily, difEiculty may arise from
the low solubility of the crystakline forms of particular sugars
such as sucrose and trehalose, Heating of the mixture at 70°C
Lur 3-4 min. was found useful in dissolving these sugars without
intarféring with the trimethylsilylatlion process. After which
the mixture 15 allowed to stand for at least 25 min, at room
tenperature before injections are wade into the gas chromatograph.

2,2.1 Analysis of monosaccharides and disaccharides:

Standard Sugars: The standard sugars purchased from
Appliced 3cience Laboratories, State College Ponna, U.3.A,
can L. used.
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2.2.1.1 Jualitative analysis:

Gas liquid chromatography is carried out under the
conditions as shown in Table 2 using two types of
colunn packing. ’

Table % Conditions used in gas liquid chiromatography .

Inatrument Shimadzu gas éh.mmatoqraph GC=4BP
Column stainleaa- steal, 3 mn 1.4, X 3 m long
Colwon temp. Programm temp, 140 - 260°C, rate 4°C/min

injection temp. 230°C

Detection temp. 290°C

carrier gas Nitrogen 44 -ml/min

Detector FID

column packing  1.5% 52=30 or 1.5% ov-17 (Shimalite)

]

Table 3 and 4 show the retention times of standard
sugars, The examined refersnce sugars are well separated
each other by GLC on 1.%% 0v=-17. The separation of
maltose and trehalose is not achieved by GIC on 1.5%

© §2-30, howewver, thiis packing has the advantage that the
contaminant amine acid'do not interfere in the analysis
of sugars. Same samples of sugars show more than one
peak owing to the presence of various forms.

2,2.1.2 fuantitative analysis:

Sorbose 12 used as an interpal standard for
quantitative analys=is of sugars. For calibration with
an internal standard, injections are carried ocut with
varying amnounts of a standard solutien of sugar and the
sorbose, Since the relative responses (peak areas) of
unit weight of sugars varies with the types of sugars,
a stapdard curve is made for eacn suger (see Pig.).
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Tahle 3. FRelative Retention Times (RRT) of standard

sugar derivatives

( 8E-~30, Programm Tem:>., 100 260°C, rate 4°C/min. )

Retention Time -

Sugar {minutaes) RRT
D=~Ribose 12,00 0.699
“D-Fucose R 13.40 0.720
D-Xyloae 14.00 ¢,758
D-Fructese 17.00 0.914
D-Hannose 17.30 0.930
D=30rbose (I.35.) 17.90 0.5962
of -D-Galactose 18,20 0.978

& -D=Glucose 18,60 1.00
B -P-Glucose 21.00 i.129
N-Aheatyl-D-glucosamine 23.00 1.236
Sucrose 34.10 1.833
D-Maltose 35.00 1.882
'36.2 1.946
n=Trehalose 35.00 1.882

+ Relative todl-p=-Glucose (18,6 minutes)

** Py anomers
!

AT
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Table 4. Relative Retention Times (RART) Of standard

sugar derivatives

{ ov=17, EByogramm Temp. 140-+260°C, rate 4°C/min )

Retention Time

Sugar S (ninutaa) RAT
D=RiboSe 10.58 . 0.645
D=Fucose 11.07 0.675
D-Xyloae 12.00 0.732
D=FPructosae 13.75 0.838
De=i{annose . 14,50 6. 853
D=Sorbose (I.5,) 15.40 0,939.
a=D=Galactose 15.60 0,951
&wb-Gluzose 16.40 1.000

B-D-glucose 18.05 1.200
HeAcetyleD-gqlucosamine 22,50 1.372
Sucross 3l.40 1l.914
Deialtose™™ 33.20 2.024

33,90 2,067
r—Trehalose M,50 2.103

* Relative to™W-7=Glucese (16.4 minutes)

** Tw ATIGMECS .
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a-D-Glucose b-Ribose, D-Fucose
2BL m p-Glucese ' 28F p-xylose, D-Galactose
AL 24l D-Mannose
20k . 20k
Y 26} Y s}
1.2 125
aBr asl
osl oal-
d i '] L i L 1 L I |
04 0 12 18 20 o4 OB 12 & 20
X X
D-Maltose, D-Trehalose D-fructose, Sucrose
20 20} N-Acetyl-D-glucosamine
118 718
Y v2p Y 12p
Y1 A oash
o4l . 0s}
1 " L 1 L i 1 1 L 1
04 08B 12 18 20 04 OB 12 15 20
X X
Fig. Relation between the amount of sugars injected and their

area on the chromatograms.

Area of internal standird {Sorbose) injected
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Haemolymph sugars:

Haemolymph samples are taken by bleeding from a cut
near the and of the uropod into a calibrated tuba. During
sampling the prawn is held softly with the fingers to
prevent ita struggling. Hasmolymph sample (2 ml) is
deproteinized Lmmeciiately with somogyi reagent (5 ml of 2%
Znso‘.'mzo and then 5 ml of 1.8% Bl(OH)znﬂl-leh diiuted to
20 ml with water, and than gentrifuged at 3000 r.p.m. for
15 min. The supernatant is remowed and the precipitate is
washed again with 20 ml of water. The cambined supernatant
is then concentrated to small volume, passed through ion-
axchangs columa (MB-3 resin)} and the affluent concentrated
to Aryness with rotary evaporator. Trimethylsilyl reagent
is then added, and the sample is treated as described above.

Huscle sugers:

¥ascle is homogenized (18000 r.p.m. at 0*C) with 19
volumes of chloroform-methancl {2:1., v/v) to extract lipids,
the lipids are then washed according to the method of
Folch et 3l. (1957). The fat-free residus thus obtained
is suspsnded in water overnight at 4°C, and then the sus-
pension is filtered. The filtrate is ommbined with the
agqueous washes of the lipid fraction and copcentrated t0 a
smaller volume. The adquecus sanple is passed through lon
excha_nge colunn {MB-3 resin) and the effluent is concentra-
ted to dryness. The dry sample is trimethylsilylated as
described above,.
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CHAPTER 7

™

METHODS IN LIPID ANALYSIS

1 TOTAL LIPID EXTRACTION AND PURIFICATION
(Bligh and Dyer method)

1.1 Apparatus

(a} Tissue homogenizer or Waring Blender

(b} Buchner filtration apparatus .
(c) Separating funnel ‘
{d) Ratary evaporator

1.2 Reagents

{a) Chloroform
{b) Methanol

1.3 Procedure

To 100 ¢ fish muscle (moisture, about 30%}, add 100 ml
cuc13 and 200 ml rue_t.hanol and homogenize with a waring hlender
for 2 min, Further homogenize for 30 sec. after adding 100 md
cuc13, and then again homogaenize for 30 sec. after adding 100 '“1,
water. Filter the homogenute with a Buchner f£iltration apparatus,
and then transfer the filtrate into separating funnel. Evaporats
chloroform urder reduced preasure by using a rotary evaporator.
The chlorcoform extract 30 cobtained is correspording to total
lipids. Report % lipids of fresh matter.

2 FREE FATTY ACID IN CRUDE AND REFINED oILS
{Natlonal Cottonseed Products Association Method)

2,1 Apparatus

- (3) Conical flask, 250 ml and 150 ml
(b) Burettea
{c) Watexr bath

¥ Frepared by Aklc Kanazawa, Brotessor of Nutritional Chemlistyy,
Kagoshima tniversity, Japan.
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2.2 Reagents

{a) Alcohol
(b) Fhenolphthalein
{c) Sodium hydroxide

2, 3.1 In crude olls:

Weigh 7.05Q well mixed oil into 250 wl f£lask. Add
50 ml alcohol, previcusly neutralized by adding 2 mi
phenolphthalein solution and encugh 0.1 N Na0H to produce
faint permanent pink. Titrate with 0.25 N NaoOH with
vigorous sh&king until permanent faint pink éppears and
persists at least 1 min, Report as % free fatty acida
axpressed as oleic acid. one ml of 0.2% N NaOH used in
titration corresponds to this percentage.

In refined oils:

Put ca 50 ml alcohol in clean, dry 150 ml flask and add
few drops of the oil and 2 ml phenolphthalein. Place flask
in H,0 at 60-65°C until wam, and add enough 0.1 N NaOH to
produce faint parmanent pink. Weigh 56,4 g oil into the
neutralized alcohol and titrate, .ccasionally warming and
violently shaking mixture until sameé faint permanent pink
appears in supernatant 2lcohwl, Multiply ml 0.1 N NaOH by
0.05 and report as % free fatty acids expressed as olelc
acid,

3 SEPARATION OF LIPIDS BY THIN-LAYER CHROMATOGRAPHY

3.1 Apparatus '

(a) Thin dayer chroma t.ogfap_hy set
(k) Oven
{c) Dessicator

hd e
t, 2.3 procedure
2- 3.2
A
N

3.2 Reagenta

{a) Silica Gel ‘G’ (Merck)
{b) calcium chloride
{c) Ppetroleum ether
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{(d} Sulphuric acld
{e) Ethanol
§f) Acetic acid

3.3 Procedure
3.2.1 Preparation of TLC~Plate:

Five glass plates (20 X 20 an) are coated to a )
thickness of 0.25 -mm with a slurry of 30 g of silica gel
¢ (Merck etc.) in 60 ml of distilled water, air-dried
for 15 min. and activated in a oven for 40 min.at ll0°C,
The coated plates are suored in a dessicator over anhy~
drous calcium rhloride.

3.3.2 Spotting ahd deve10pment-

Sanple (total lipids from marine animals), 10-50 ug
in ghloroform-methancl (2 : 1}, is applied about 1.5 -cm
from the bottam of the plate, and the plaﬁe 1z placed in
an chromatographic tarXk conteining the solvehts;petroleum
ether-ethanol-acetic acid (87.5 ¢ 12.5 ¢ 1}. The solvent
front is allowed to rise 15 cm from the origiﬁ. '

3,1, Detection of spats:

The spots are visdalised by spraying with 50%
sulfuric. acid or iodine vapour

{ront origin

¢ 800

o O
4 [}

FECH

T

a, hydrocarbons: b, steryl asters + waxester; ¢, ylyceryl
ether: d, triglycerides; &, free fatty acids: €, fatty
alcohols; g, sterols: h and i, digiyecerides and monogly=-
cerides; j, phospholipids.
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4 GAS LIQUID CHROMATOGRAPHY OF FATTY ACIDS AND STEROLS

4.1 Apparatus

Gas~chromatographic unit with a hydrogen flame ionisation
detector

4.2 Reagents

Referaence compounds and other chemicals '

4,3 Sample

Cod liver oil or short-necked clam lipids

4.4 Procedure

4.4.1 Preparation of instrument:

Equilibratlion of column and detector: Place colunmn
in chromatograph and connect inlet to 30 In/sq. in N,
supply. Do not connect effluent to detector. Bring
column temperature to adequate temp. Check gas flow
rate, If the gas flow rate is not suitable, adjust
pressure to bring flow rate into the sultable range.
Let run overnight under these conditions.

Connect c¢olumn effluent to detector: Set balance
Qurrent to zerc and polarity to adeguate position
(negative or positive). -Turn on recorder and set pen
to zéro with 'zero adjustment', Iet recorder run ca
for 1¢ min. or more to check that bageline is steady.
Adjust cell voltage to 1000 and bring pen to z2ero with
balance currént knebh. Let recorder run until baseline
iz steady. TIf it does pot became steady in 10 min.,
turn off recorder and let columa and detector come to
equilibrium.

Test of equipment with standards: Set relative
gain to 100 or 1000. Inject 1l jl of standaxd solution
and mark chart to show time of injeation,
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4.4.2 Chramatography:

Inject 1 aml standard solution and mark time of
injection on chart. If the separation of peaks is not
camplete, adjust conditions to achieve maximum separation
and sharpness of peaaks,

4.4.3 Identification of peaks:

(1) Comparison of relative retentlon time with
standards
{2} Seml-log plot of Rt {or RRT)

4.4,.4 Quantitative determination:

{1} Peak area: Interglator method
{peak height} X (width in halfe-peak
height) weilght method '

{2) Relative responce
Paak aprea/unit mol. or weight

(3} % composition of sach compounds
Internal normalization method
internal standard method

4.4.5 Error in GIC:

(1) Peak area: %4 BETOT.+s++e0mm (Width in half=-peak
height), difficult
1% error......10mm {width in half=-peal
height}, or more
{2) Bample 3size
(3) Temperature of injection part
{4) Tailing and leading
Note:
Date, vvvvtvembtnmes
Model..revesuersnan
Samples.csssraecess pg/inl of sclvent
COlumn. s vesvvavenen m long X i.4d.
Temp. G

Column packing ——

support {mash
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Carrier gas

rlow rate ml/min

Hydrogen flow rate ml/min

Adr £low rate : ml/min

DeteCtOl.vneraseass Bridge current mh,
Letector temp. °c

Applied voltage______V
Rang‘a......... mv, V
Chart speed..,veeesn mn/mdn

5 SEPARATION OF NEUTRAL LIPYDS FROM POLAR LIFIDS
{BY COLUMN CHROMATOGRAFHY)

5.1 Method-1. Column Chromatography on Kieselgel &60:
Total lipids (58 mg)

klaselgel 60 (2.0 ¢, 13-fold)

Elution with chloroform=-methancl (98 : 2)
(80 ml, 500-fold)and then with methanol
(55 ml, 3%0=-fold)

I X
Neutral lipids Polar lipids
(CHC1-MeOH £r.) _ {MeOH £r.}
5.2 Method=2. Column Chromatography on silicic acid:
Total lipids
Stifcie acid (Malincrodt Co.,. 13-fold)

elute@ with chloroform {500-fold) and then
with methanol (350-fold)

T
ey
Neutral lipids Polar lipidgs

(CHCL £r.) (MeOH fr.)

*1 In the case of the sanples which had not been analyzed
previously, check the separation of neutral and polar
lipids by thinelayer chromatography on Silica Gel G
with petroleum etherwdiethyl ether-acetic acid {90 : 10 : 1)
or other appreciate solvent systems,

Notice: Samples (total lipids) are required to be
completely dried prior to the column chramato-
graphy., The application of liplds containing
water causes the incomplete aeparation of the
both neutral and polar lipids.
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€& UNSAPONIFPIABLE MATTERS AND FATTY ACIDS
(SAPONIFICATION PROCEDURE}
Lipids {1.0 g)

+ 10 ml of 10% KOH in ethanel (or methanol)
refluxed at 70«80°C for 1l-2 hrs, coeled

BSaponliication mixture

digsolved in 16 ml of warm distilled water
extracted with 50 ml of ether *1

ﬁther layer Aqueous layer
{Upper) { Lower)

Iextraetad with ether (50ml X 2)

r—3 —
P E;h?r layer hquaous layer

Combined ether layer
washed with 6 ml of H20 (3 times)

Ether layer Washihys
dehydrated over concentrated under reduced
anhydrous sodium presmira to aliminate ethanol
sulfate in the extract
(Shake wel) and stand + HOl-H,0 (1 : 2) to adjust the
for 30 min} ‘fﬂ 2m3

filteared through

tcidified aqueous layer
a filter paper

thracted with 3 vol, of ether
Behydrated over Naso4{anhydrous)
honcentrated to dryness

Ether solution
concentrated to dryness

+ 3 ml of acetone and Free‘Eatty Acids
evaporated to eliminate

H,O
b2
Ether extract (Unsaponifiable matters)

*1 Another method: After saponification, the saponlfication
mixture was diluted with H,0 to contain 50% of ethanol
concentration, Then, the diluted saponification mixture
was extracted with 1.5 vol. of ether twice, This method
gill give a good result for lipids from marine inverte-

ates.
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7 PREPARATION OF FATTY ACID METHYLESTERS
{BY HYDROGEN CHLORIDE/MeOH)

free fatty acids (abomt 10 mg)

+ 3% hydrogan chloride in methapol ....4 ml
{ fram commercial sourcea) ’

+ dry benzene .......+05 ml

refluxed at 70-80Q°C for 2-3 hrs *1

1 conled

Reactlion mixture

+ 2 vol. of distilled water .

extracted with 4 vol. of ether (or petroleum

ether)*z

Petrolewn sther layer aquaju;' layer
axtragtad with petroleum ether

?etrol'rm ether layer Aquecu# layer

extracted with
petroleun ether

_pet.x;olm sthar Aqua;u_'a layer
. layﬁr:
Cambined petruleum ethar layer
wazhed with dlatilled water to remove contamlnating HCL
dehydrated over anhydrous Na,s0,
filtered
jconcentrated
Fatty acid methylesters (Ready for GIU:)*3

*1l For small quantities of samples, use the reaction block
Por large quantitiea of samples, use the apparatus for
refluxing.

*2 petrolewn ether or hexane is better for a solvent, because
ether sometimes contains oxidative compounds

*3 To avoid the contamination and damage of column, it ia
batter to purify the fatty acid methylester by TLC
(Kieselgel G/Petrpleum ether=ethar-acetic acid (£0:10:1))
or by column chromatography (Xieselgel &0 .... 5g;
salvent, 5% ether/P.E. S0 ml).
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8 GAS-LIQUID CHROMATOGRAPHIC DATA OF FATTY ACID METHYTESTERS

column: 10% DEGS on 60=-80 mesh Shimalite

Peak Fatty Rt RRT*l ECL'z Ref. ECL
Ho. acid {min.}
1 14:0 2.05 Q.29
2 15:0 2.80 0.39
3 15:1 3,15 0.44 15.4
4 16:0 3,83 0.54 )
5 16:1W7 4.40 0.62 16.4
6 17:0 5.2% 0.73
ki 18:0 7.15 1.00 18,00 18.00
8 18:1W9 8.00 1.12 15.3 18.51
o 18:2w6 9.70 1.36 18.9 19.30
10 18:3W3 12.65 .77 19.8 20.40
11 20:1W9 14.65 2.0% 20.3 20. 44
12 2031246 17.75 2,48 20,9 21. 36
13 20: W6 20,45 2.86 21.4 22.13
(20=3w9 (21.65
14 20:4W6 22,80 3,19 21.9 22.43
15 20 4W3 26,65 3.73 22.2
16 22:1W9 27.15 3.80 22.3 22.28
11 203 5W3 29,60 4.14 22.6 23.57
18 22:4W6 40,60 5,68 23.6 24.58
19 22:5Wé 46,90 6.56 24.0 24,97
20 22:5W3 53.60 7.50 24.5 25.38
21 22:6W3 60,40 8.45 24.8 26.03

. RRT: Relative ratention time (relative ta 18:0)

«2 ger; Equivalent “ain length
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CHROMATOGRAM

Date 28th Jums 1981  Operator SAKAMOTO
. . M H T Rom T.w' ;}.—‘E
- !'l . A ‘_" Hodel Shimadzu-4BF
' # Sawple FAME MIXTURE 1203 & 1207
Cod liver oil, HUFA Mix.
Size SOpg
S6lvent Hexane
Column 3m YD 3mm
T — Temp. 180 °C
o _ S Packing 0% DEGS

: ‘_:.‘l i S Support Shimalice W
i i _:'i_é r SR Mesh 60-B0
i i e - Carver gas Ne
! |5 _zu'_. : A i Flew rate 40ml/min.atm.
. = L : Inject Press. L.2Zkgicm
Lt i Y Flow Rate 50 ml/min.

' Air Flew Rate 1000 ml/min,

T Sensitivity 10°x 256 :

I Ditector Temp, 210°C

i 10 {‘.‘n' ) s Injeccion Temp, 210 'C_
. Tt Chart Speed Swmfmin,

AME MIXKTURE L207 : = : . (e I

B i,
NUSEBA S R S
o R P
| I N *
: o L : .
P ¥ i : i :
—— - — s e g -1 - - ——
: —g :r e :
EENIRNRIS: U | | ERS U .
! e :
.él e _y
i o !

40 (#in.)


http://~1._J.-I
file:///___i

d

Fatty acid composition of several as determined b
GLC_on DEGS

Pattey Male Female Rotifer Artamisa Chlorella  Prawn
acid prawn® prawn” (Chlorella)"’ egg*™ (marine)** (Tokiwa)
12:0 t 0.1 - - - 0.5
12:1 t t. - - - ' 0.3
13:0 .2 ag.i - - - 0.2
13:1 t t - - - -
14:0 2.4 1.8 4.0 1.1 5.2 1.3
i4:1 . 0.5 0.5 - . - - t
15:0 2.6 1.7 - - - 0.6
16:0 15.4 16.1 14.4 13.2 19.7 13.7
16:1W7 6.9 8,13 20.4 4.5 30.5 4.0
17:0 2.0 2.1 g . i 1.4 i " 0.4
16:2{W7?} 1.7 1.3 0.5
18:0 6.5 6,2 2.2 4.0 0.7 8.2
18:1Ws 2.0 11.3 10.% 27.8 2.7 21.8
19:0 ¢.3 0.3 - - -

18:2W6 2.0 1.5 4.7 6.2 2.4 7.9
18:3W3 0.4 0.5 0.1 27.7 0.2 G.5
18:4W3 2.0 2.4 '

2010 i - - ; - i 3.6 i - §0-3
20:1wW9 7.9 5.4 1.7 - - 8,7
207206 3 12 1.2 - _ i . io..,
203 3IW9 - -

203 3w3 0.3 0.7 i 4 i 0.6 3 3.6 11.4
20 4W6 3.3 3.3

20:4W3 1.8 1.5 D.2 0.3 - -
20:5W3 13.1 12.7 27.7 1.8 27.8 17.4
22:1 - - 1.8 - - -
22;3({W6?) 0.4 0.4 - - - t-0.5
22 1 4Wé 2.2 2.4 - - - -
22:5W6 - - - - - Ca2
22:5W3 3.0 2.0 2.0 - 1.7 0.5

24:2(W97) 0.8 0.8 - - - -
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Fatty Male Female Rotilfer Artemia Chlorella  Prawn
acid prawn” prawn* {Chlorella}™™ egg (marine)™* (Tbkiwa)
22:6W3 7.6 10.6 t - 5.1 LY
24:4 4.0 3.5 - - - }
2415 0.3 0.3 - - -

* J.C. Guary et al. (15974): 40, 1027 3Jull. Jap. Soc. Sei. pish

*% Watanabe et al. (1878): 44, 1109 ve .e

Watanabe et al. {1978): 44, 1115 , »

9 PREPARATION OF ACETATE DERIVATIVES
(ACETYLATION PROCEDURE) .

Sterols (Free form)

pat in a well-dried contalner

+ dry pyridine-acetic anhydride (1 : 1)*}
dissglved stercls completely
refiuxed at 70°C for 40-60 min.
ream temperature £for 24 hra)

{or stoad at

Reactlon mixture

Excess of the reagents was evaporated under reduced
pressure by using a rotary evaporater (or under the
stream of nitrogen gas)

(1f the reaction mixture has a swell of Pyridine and
acetic anhydride, add ethanol and evapcrate.)

Crude steryl acetates

Chegk by TLC on Kieaelgel G/CHC13
whether free stercls turned to
acetates conpletely {Sometimes,

Purified by TLC
or by Alunina
column chromato-

graphy*2 the complete formation of acetate
i3 not accamplished due to certain
Purévstexyl acetates reasons. )

*1 Acetlc anhydride ......... DO DOt use an oid reagent :
gfg pyridine ......s...... Dry over sodium hydroxide . 5.
*2 : Sample was appliad onto the plate as a streak. After :
development with chloroform, the plate was dried and
sprayed witn Rhodamin &G 1ipn acetone. The bhand corres-
ponding to steryl acetate located under UW-light (320 mu}
was eluted with ether.
Alumina column chromatograpiy: Sample was loaded on 10g of ;
Alumina {(IT-I71} and eluted with 100 ml of hexane-benzene -
{5 1 1) or 152 ether in hexana, :
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10 RELATIVE RETENTION TIME (RRT) OF STEROL IN GLC ON OV=17 AND ON OF-1

Caxrban 'av-;?

qQr=1 sterol
26 0,68 0.66 24=Norcholesta=5,22 {E)-dienol
26 Q.6¢ 0.%9 24=-Norcholest-22(E)~enol
26 Q.78 ©.72 24=Norcholesta-7,22(E)-diencl
27 .88 0.5 5 =Cholestan-3 -01 {Coprostanol)
27 0.8 0.88 Cholesta«5,22(2}=dienol {ciz~22~Dehydrochole=
starol}
27 0.94 ©0.89 . Cholesta-5,22{E)-diencl {trane-22-
Dehydrocholesterol)
27 1.40 1.00 Cholest-5=enc} (Cholesterol} '
27 .01 .05 S5 ~Cholestan-3 ~01 (Cholestancl)
28 1.05 (1.07) 24-Methylcholesta—5,22{Z)-dienol
28 1.07 (1.04) 23-Methylchclesta-3,22-dlenol (nop-identified)
27 1.07 0.93  27~Norergosta=7,22(E)~diencl {(Awuresterol)
27 .10 .98 Cholesta~7,22({E}~diencl
28 1.14 l.08 24=Methylcholesta~s, 22({E)-dienol
’ (24R:Brassicasterol)
{248 :Clionasterol)
27 .16 1l.10 Cholest-T=snol (Lathosterol)
7 1.19 1.08 ° Cholesta-5,24(35)~dienol (Desmosterocl)
28 1,28 1.28 24-Methylcholest-5-anol (24R: Campesterol)
{24s: 22,23-Dihydrobrassicasterol}
28 1,33 1.27 24~-Methylenecholest-5-enol {24 Methylene=
. cholestorol )
. 19 1,33 1,21 24-Methylcholasea-5,7,22-trienol {Ergosterol)
28 1.34  1.19 24=Methylcholesta-7,22(E}~dienol j
(245: Stellasterol)
29 1,36 1,26 = 23,24eDimethylcholesta-5, 22-dienol
29 1.42 1.32 24=Ethylcholesta-5,22(E)-diencl
{243: Stigmasterol)
. {24R: Poliferasterol)
29 1.5 1.43 23, 2&-Dimethylcholesta-5, 23-dienol
28 1,54 1,41  24-Methilcholest-7-enol
28 1.57 1.39 24=-Mathylanecholeat-7~anol {Episterol)
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Carbon OV-17 (fF=1l Sterol
29 1.59 1.54 24-Bthylcholest-S-enel (24R: -Sitosterxaol)
{243:Chondrillastercl)
29 1.68 i.49 {E)=24=EthylidenecholestuwS=anol {Pucosterol)
29 1,70 .61 23=DemethylJjorgosteS-enol
{23—Demethylgorgosterol)
29 1,78  1.53  (2)=24=Ethylidenecholest=5-enol (Iscfucostervl
29 1.89 1.6  24-Ethylcholest-7-encl (24R: Splnastercl)
' {245: Chondrillastenol)
29 2.00 1.63 {E)Y~24=FEthylidenecholest=-7=-enol
29 2.10 1.68 (2)~24-Ethylidenecholest-7-ancl
3C 2,26 2.17 Gorgost=5~enol (Gorgoesterol)
30 2.3¢  2z.28 Gorgostancl
30 2.64 2,38 Gorgost-T=anol (Acanthasterol)

11 SOLVENT SYSTEMS FOR SEPARATION OF STERCID HORMONES BY TLC OW

KIESELGEL G

Solvent system®l

Sterolds
1l 2 3 4 5 6 7 8 S-11
Se-Pregnane-3, 20-dione 0.33 0.70 0.47 0.51 0.48 0.90
'=Cholestenol 0.23 0.36 0.39% .70
Progesterone 0.15 0,87 0.66 0,40 0.43 0.47 0.83
Androstenedione 0.65 0.56 0,37 *20.40 0.42 0.82
Pregnenolone 0.12 0,49 0.47 0.29 0.5‘20.37 0.33 .52
Dehydroepiandrosterone .50 0.41 0.270.430.35 0.32 Q.52
1'¢-OH-progesterone 0,55 0.25 0.35 0.50
3j~OH=5y=pregnane-~20-one .49 0.27 0.31 0,30 0.57
Testosterone 0.05 0.43 0,21 0,23 .29 0.43
' Se-Pregnane-38, 20f-dicl 0.32 0.19 0.23 0.23 0.33
ll=Ketotestosterone 0.21
38, e¥=Dihydroxy-pregnane-
2D=0ne 0.04 G.08 0.23
»l System 1: Benzenew-athyl acetate (100 : 15)}. For separation of

steroid hormmones from starols.....
developed twice

-
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System
System
System
Systam

System

System
sSyatem

23
33
4z
52
6
T
g:

&7

Chloroform-methanol (97 : 3)
Ethar alone

Chioroform—ethyl acetate (13 : 7)
Dichloromethane-acetone (24 ; 1)
Benzene~athyl acetate (5 : 4)
benzene-acetone (8: 2)
Benzene-methancl (9 : 1)

‘e following systema are useful for .separation of the tﬁixt.uret

Syatem

9:

System 10:

System 11t

System 12:

System 13:

Benzene-methanol-2N -NH40H {65 ¢ 35

H i)..........

Cholesteryl.-sulfate/Pregnenolone

aulfate

Benzene-ethyl acetate (3 t 1l).....Progesterone/Sea=
Pregnane- 3, 20=dione
Cyclohexane-ethyl acetate (1 : 1}.....54-Pregnane- 38,
204-diol/Testosterone
Benzene-ethyl scotate (1 : 1), twice,....,¥~Pregnane-38,
200~diol/5¢~Pregnane~33, 20p-d101
Chloroform=ethyl acetate (100 : 15).....q . N=Pregnane-3,
20~dione/sterols/Progesterone

Rf values of acetate derivatives.



CHAPTER 8

*
METHODOLOGY OF MUTRITIONAL BICENTIRGETICS = AM NUTLINE

1l Principle

Wukritional Rioenergetics, the study of tranatormation
and partitioning of food eneriy offers a conceptional framework
to anaboliasm and catabolisin, While the rate of transfer can be
axpressed as dB/dt, the whale process can be exprossed in the
form of a simplified aquation, which is alse Known as energy
budget. '

C=F+U+M4+AB seeesr {1}

where *C' denotes the amount of food energy consumed also known
as ration, "P' that part loet as fascea, 'U' non-faeeal nitro-
genous loss, *M' loss by way of metabolism and ‘AB' change in
materials of body, growth. {Fig. 1).

Food Energy (<)

Faecal loas (F)

Digeatible {(Assimilated) Energy
Calorigenic Rffect of food (SDA)
Nonfaecal Loss (1)

Net Physiologically useful energy
Metabolism (M}

Growth (AR)

i, ‘Tissue repalr & addition
ii,  Esxmdates (muccs etc.,}
114, Exuvia
iv, Gopadial products

Fig., 1. A diagramatic sketch showlng partitioning of food
anerygy. :

% Preparad by D.C.V. Easterson and A.Q. Ponnlah, Central Marine
Fisharies Research Institutd, Cochinel8,



69

Since the equation is a balanced one, if one of the parameters
is not kmown, it can be calculated. Though calerie (the
measure oi energy), ls used as the unit of expression, units’
like carbon, nitrogen can also. be used, when reguired, Che
gram calorie (g cal) is defipad as the amount of heat require'd
to raise the temperature of one gram of distilled water by 1°C
at 15°C (1 kKeal or Cal = 1000 g cal = 3.9681 Btu = 4185 Joules).

2 Experimental Procedures

pefore setting up the experiment, knowledge about the
food and feeding habit of the experimwntal animal is necessary.
For which, the study of mouth parts, gut apnd faecal contents
would be informative. Some animals are nocturnal feeders ard
to these feeding should be done during the night. Preliminarcy
studies on satiation ration, satlation time’and frequency of
_ meal are also essential. '

For experimentation, healthy animals of uniform size and
sexual stage are chosen and acclimatized in the chasan diat for
a week, Before the starting of experiment, the animals are not
fed for a fixed time to allow them to evacuate thelr gut. Aftar
wards, length and wet weight are taken and introduced into the
e:qaerlméntal tank containing good filtered and aerated seawater. .
Water level, salinity and temperature are to be maintained
congtant. Feeding should be done at the fixed time in £ixed
quantities, The aeration should not be too much SO as to agitate
and break the faecal matter. The bottom of the tank should be
of a colour in which faecal peliets can be easily recognired.

If trapsparent contalners are used, they.should be covetea
inorder to prevent the animals getiting excited. At the start
of the experiment, another batch of three animals similar to
the eéexperimental ones should ba rinsed with distilled water,
external moisture removed, weighed and oven dried at 60«70°C
for the estimation of percentage water and total calorific
contents. .

It is better that exuvia and faecal matter are removed
soon after volded, on drying, salt from the adhering water adds
up to the weight and also interferes in the chemical analysis.
To avoid this, faeces and exuvia are transferred to a very fine



bolting silk fixed on the mouth of 2 bosker and washed gently with
distilled water, transferred to a pre-welghed petridish and kept in
a refrigerator or oven dried, The pooled dry matter is welghed
finally., EBExuvia and faecal matter need to be kept Beparately. Record
should be malntalned on moulting. One type of experimental aet up
ig shown in Fig. 2,

Flg. 2. The apparatus used for the Sgparation of faecal N and
urinary N.

A: A tank for maintenance of fish (36 X 20 X 27 cm).

B: A teat tube for collecting faeges (3.5 X 25 am)

C: A calumn of resin for adsorbing dissolved urinary nitrogenous
compounds {5.5 ¥ 60 om)

D: Alr supply

E: Water supply

F: Chloroform

-

G: Cupric hydroxide

£ ] Q%ces collected

I: Glass woal

{0gino, Kakino ami Chen, 1993)
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3 Feood Consumption

3,1 Direct method:

Food offered - food left = food consumed (C)
3.2 Indirect method:
3.2 FH UM+ B ® Co voravsvane (2}

3.2,2 Marker methods:-
{a) Use of Radicactive isotopes:

The food is labelled with ene of the iactopes
viz. 140. 329, “Ca, 353, 1In case of phytoplankton
feeders, the feed alga is grown in medium tontaining
lsotopes; by this the isgtope gets incorporated into
the alga. In case of formula diats the isotope 4is
mixed with the feed, Tha labelled food is followed
in the animal and estimated sither in .the animal or
calculated from the decrease in the medium. 3'213 s
a very convenient isotope having a very short halfs
life of 14,2 days and the radiation could be maalily
detected and measured in amall animals as a total
entity or in homogenized aliquots. But dus to its
short half-life, it can not be used for axperiments
of longer duration. 142 has the advantage of a half-
life of 5760 years. Since it 1s easily metabolised,
tha degrae of labelling might differ in different food
molecules and, as different food components are not
untformly assimilated, error is likely.

(b) Use of nen-assimilable markers:

The most <ommonly useq marker 1s C::zltb:_l {chromiwna
sesgquioxida) which 12 well mixed at 5% level with the
foed and 1ts exact guantity in the feed and faeces is
chemically eatimated,
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4 Asagimilation

Assimilation {(A) ia calculated as follaws:
4,1 Direct method:

A=Ca=TF (M)
4.2 Indirect method:

Concentration of indicator in food

per ynit waight
AsCwm

Cconcentration of imdicator in fasces
.- per unit weight

5 Metabollism

5,1 Direct method:

By means of atatlic or flow-through respirometers the
maetabollism {(in tems of oxygen consumption} of animals fed
with the tested dlet is estimated. PFor this, the test
ani:maln should be acclimatized to the laboratory condicions,
test diet and feeding schedule. If a diurpal rhythm in
standard metakolic rate (M) is present, it should be taken
into coneideration in the achedule of feeding and oxygen
consumption. After the excitment due to handling is over,
haurly estimates of oxygen consumption is made for 24 hrs.
This is totalled to arrive at the feeding metabolic rate (M)
for a day for the tested diet. Energy equivalent of

4.63 Keal/lit 0, can be used to convert oxygen consumption
data into caleries.

5,2 Indirect method:
Metabolism (M) is calculated as the d.lffggance between
sun of faecal and non-faecal loss, and growth/that of £ood

consumed,

Ma Co (P +U+AB)  .eeveeene.(3)
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& Specific dynamic action (SDa}

Specific dynamic action denotes the energy cost of
hiochemical transformation of ingest.e& food inta a metabolizable,
excretable form. To estimate SDA, standard metabolism (i) amd
metalbolism Aue to excltability and increased activity occurring
in conjenction with food intake (Me) are subtracted from total
matabolism (). :

SOk w M = (M! +Me) ersensans LAY

M ~ metabolic rate of fod animals;
M- metabolic rate of starved animals; and
M= the axcited metabolic rate due to feeding procedure

(M and M, are estimeted in a respiration where activity
is made constant by making the experimental animal to
move against a steady current of water) )

T growth

At the end of the experiment the animals are weighed,
maasured, and dried in the oven. It is better to detammine the
proximate composlition, which would be of use in interpretation
of the result. The weight ia coaverted into the unlt of experi-
ment eg, Calories or Protein.

Analysis = formula:

{1) KJ: {(Gross conversion - A_B__ . 100
efficiency) (%) C
AB
{14) K, (Net conversion . S 100
efficiency) (%) A
M C {in g dry wt)

{111} Trophic coefficlent b
P {in ¢ dAry wt)

(1v} i. For an experiment of
longer duration 248
HMean growth rate parday =
in % Body weight (B)

+ 100

n(l-lr| + HD)
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1i. Por short term experimants,
espacially in juveniles
= L (dog W, - log W,
P oot _ -1 X . 100
]

Mean food consumption in percentage body weight per day
{in_2d libitum feading studies) &

= 2C
E
(wn + wO) Xxn

X 100

Wow Wet weight on n day
) H, = Wet waight jnitial

9

Food converaion ratis (r)

Especially useful if thare is any morxtality to
exparimental animals '

c
r = - =

(Wn + D) - o
Wo = average initial weight (g)
ﬁn « average f£inal weight (g) :

, -

D = waight of dead animals {g)
L =

Total food consumed in.g

10 Reierences
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Proteln nutricion in £ish. I, Determina-
tion of metabolic fecal nitrogen and
endogenous nitrogan excretlons of carp.
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CHAPTER 2
W
DETERMINATION OF DIGESTIBILITY COXFPICIENT
1 INTRODUGTION

Kutrients present in the feedstuffs are not ocampletely
available to the animal body. Large portions of the nutrients
are sucreted in the fasces because of being not digested in thw
alimentary tract. Tharefors, the digestibility of the feedstuff.
is defined ss the portion of a feed or nutrient of feed which ia
not recovered in fasces, l.e., the portion which has been absorb-
od by the animal., When the digestibility is expressed in
percentage it is known as digestibility coefficient. Digestibility
coefficients are calculated for dry mstter, crude protein, crwde
£ibre, ether extract and nitrogen-free extract. Digestibility
of Qross energy pressnt in the food can alsc be detamined. The
d!.gcaubl.lity cowfficients nomally determined are the apparent
digescibility coefficients since the nutrients foumd in the
fasces contain suall proportion of mitrients from the previcusly
utilined focd in the form of mucosal dsbris, unspent snzymss sto.

2 DIRECT FADCES COLLECTION METHOD

2.1 Apparatug apd reggents required

{(a) Specially designed aquarium tanks for collectiocn of
£astes

(b} Asrators

{e} reeding trays

{d} Polythens tubas

{e#} Poroelain crucibles

(£) Hot alr oven

(g) Ceatrifuge

(h) single pan balance

{4{) Tquipment and reagents required for protein analysis

(3) !du&.ment. ani reagents required for fat analysis

* prepared by R, Paul Raj and D.C.V, Eastorson, Central Marine
Fisherlies Research Institute, Cochin-18.



(k) Equipment and reagants for crude fibre analysis
(1) Eguipment and reagents for determination ©f energy
{m) Expsrimental animals {fishes or crustaceans)

2.2 procedure

(a) Take three specially designed aquir.tm{ tanks of
identical size, with provlajon for continucus .
-eollection of £aeces. Fill them with water and
maintain the level, velune and temperét.urp 6f_
water similar in all the aquaria. The water used
in all the aquaria should be of the game source

and salinity level. Aerate the aquaria well to
maintain oxygen levels near saturatién in all the
tanka, : C . B

{k) ‘Introduce 10 healthy experimental animals of the
same specles, age, size group, etc in each of the
canks,

i

{(c) During the pre-experimental feading, the animals
ara fed on the feed or feedstuff in question for
a period of atleast & days to remove the effects
of previous fesds. (The rumber of pre-experimental
feeding days can ba adjusted depending on the
gastric evacuation time). '

(&) At tho end of six days the feeding trilal can be
started. Feed the three groups of experimental
animals with a known (quantity of feed, weighed
accurately to 0.17 in a foeding tray and allow
the animals to feed for about 12 hours evernight,
Tie feading time can be increased or dscraased i
based on the actual time taken for consumptlon
by the experimental animals. ' :

{e) Carefully remove the feeding trays from the agquarium
tanks and collect the left-over food by centrifuging
ot filtering., Dry the laft-over food in an oven at
05*e,
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(£ ) ¢tollect tie fasces at 2 hourly intervals using a
polythene tube by siphoning out the faecal peklets
if there is no specially designed aquaria for
collecting faeces, Centrifuge or filter the fasces
and dry in an oven at 10%°C. '

{g) Continue the fesding, and collection of left-over
food and faecss for a parded aof 10 days,

{h} After drying, the representative sanples are kept
separately in polythuna bags.

(1) At the end of the digestibility trial all the faeces
samples of each aquarium tanks are composfted and
analysed for tne dry matter; crude protein, crude
fat, crude fibre, NFE and energy contents.

2.3 Calgulation ’ _
’ : I-F
Appaxent digestlbility coefflcient of nutrients = Da = T

whera I = nutrient intake and F = faeqal nutrient
A I-(P=Fk}

True digestibility coefficlent = TD & — =
I I

where A » absorbed nutrient; I = putrient intake: F o= fascal
nutrient and Fk = metabolic nutrient exoreted with the faeces,

3 CHROMIC OXIDE INDICATOR METHOD

A breakthrough in digestibility studies of nutrienta was
the uge of inart materials, and ln particular the use of
chromium oxide (Crzosj.

Chramlum oxide mixed with prepared diets and measured in
the faeces provides a general comparison of the overall digesti-
bility of a feed axpressed as:

Cr,0, in farces
pPercent digeatibility = 10~ :
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* When the percentage of a nutrient in the feed and
faeces i3 analysed as well as the carrespording percentage
of the indicator substance the digestibility percentage can
ba calculated by the formula:

Apparent digestibility coefficient

%Cr203 in feed % mutrient in faeces
= 100~ X
‘Dﬂc:::zi.')3 in faeces % mitrient in feed

Caution:

The chromic oxide for commercial use has to be purified
for removing the toxic chromium compounds. The toxle chromium
compounds can be removed by ropeated washing in ¥ HCl using
glass fibre filcter {Whatman GFC) and borosilicate glassware.
After repeatedly treating with hydrochloric acid the powder is
washed, thoroughly in distilled water, dried at 120°C for
24 hours and stored. Thus, treated Cr,0,4 is mixed in a definite
percentage to the feed,

4 DETERMINATION COF CHROMIC OXIDE IN FAECES

4.1 TTTRIMETRIC METHOD

4,1.]1 Principle

The well mixed faecal matter contalning organic waste
and chromic oxide marker is digested with nitric acid to
remove organic mactter. The resultant solution 1s sultable
for estimatlon of miperals in addition to chromium. On the
addition of parchloric acid the chromium oxide iz oxidised
to dichromate which is estimated by adding an excess of
ferrous ammonium sulphate and titrating the mixture.

4.1.2 Reagenta

{a} Hydrochloric acid

{b) Nitric acld, Analar

{¢) Perchloric acld, &0%

{d) Sulphuric acid {6N=167 ml of Analar sulphuric
acid diluted to 1 litre in distilled water)
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iW2 ol of 5% sodium carbonate and dilute t.o
100 mli with distilled water,
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4.1.3 Procedure i - ‘ .

(a) weigh about 50-100 mg of faeces containin&i':i‘-:=.-€,--_;':-'_'

1-3 mg of Cr 504 into a 100 ml con
or a kjeldahl f£lask.

a). _£1ask e

(b} Add S ml of conc nitric acid

{91 s0Mtawe Sinutes, “boll thé dontéBts Yently 1n's
het plate for about half an hour in a fume cup”
board (Alterpatively sgmplea can be d.i.c_ieaeed 1n
s2advoilpnglatl ¢ yaYtde Sydtem,”
nl Skt e dora S Ay e &I&‘éld'\tbo pyev‘ent the content
bacoming dry.

(a
e 7 g kRt "-m{a‘:;éb‘*
e G 6

i AN LR b o
{e} tf,,al‘m‘ﬂ.wn da pbwent. the Bolu‘tibh ‘bewemes
brilliant gaolden in colour. <ol and quh the
digest into a 50 ml volumetric flask witn
distflled water,
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To this add 5 ml of 6N~H2304. Smlof 0.1 W
ferrous ammonium sulphate and a drop of Llndiscator
Titrate the mixture in a 10 ml burette with stand-
ard 0.1 N potassiun dichromate untll the green
golour of the solution turns to slate=grey, which
turns to <¢herry colour on stapding,:

d4,1.4 Calculation

If *t' ml of C.1 N potassium di¢hromate solution is
reguired, then the dichromate in the digest has reached
with 5 't' ml of 0.1 fe.rous ammonium sulphata. 1 nl of
0.1 ¥ dichromate is equivalent to 2.523 mg of 2 PP Tiwa
2.53 (5-'t*} mg of Cry0, can bhe present in the digest.

4.2 SPRCTROPHOTOMETRIC METHOD

4.2.1 Reagents

As in the titrimetric method

4.2.2 Equipment

Spectrophotometer

4.2.2 Procedure

Tollow procedures 'a' to 'd' as given in titrimetyic

method,

(e)

)

Cocl and wash the digest into a 100 ml volumetric
flask and make up the volume by adding discilled
water,

Mix well and zfter allowing a mindmum af

5 minutes measure the optical density at 350 ma
in a spegtrophotoneter, The porcent chromic
oxide is red from a standard curve whare 'y’
is the optical density at 330 ma end 'X' the
ir,0, content of the sample in mI/100 al.
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CHAPTER 10

SYSTEMS OP EXPRESSING THE PROTEIN VALUES OF THE FEED

*
AND METHODS OF THEIR ESTIMATION

1 INTRODUCTION

In chanical compositionh studies, proteins in the feeds
are estimated by determining the nitrogen contént and multiplying
by a factor 6.2% and the resultant value is the crude protein.
However, considarable variation in the efficiency of conversion
of different dietary sources of proteins have been reported in
the literature using ilsonitrogenous diets, and these variations
have been attributed to the quality difference among proteins
particularly in their amino acide profile. The following terms
are widely used in the biological evaluation of proteins in
fishes and crustaceans.

2 EXPERIMENTAL PROCEDURES

Experiments are conducted in speclally designed aquaria
with provision for collection of the diifarent nitrogen frac-
ticns. The experimental’ set-up devised by Ogino. Kakino and
Chen {1273) and shown in Fig.2 of Chapterd isan example. Experi-
mentzl animals of the same species, size group and age are
acclimatized in the aquaria for a atipulated period. During the
acclimatization period feeding is dope with the experimental
protein diet. The oxygen, temperature, salinity levaels arve
maintained similar 4n all the aquaria, The exparimental protein
dlets are fed o the animals once or twice a day in fixed timinga-

-Data on the various nitrogen fractions are collected by sampling
food, water, faeces and also carcass analysis. Periodically
welght of the animals are recorded to adjust and maintain the
feeding level, At the end, the total protein consumed, wt,
gained, various forms of nitrogen losses, carcass nitrogen,
etc., are analysed and composed,

¥ Prepared By R. Pau) Raj, Central Marlue Fisheries Research
Institute, Cochin-18, .
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3 PROTEIN EPFFICIENCY RATIO (PER)

In this case the nutyitive value of the dietary protein
i3 determined by the rate at which the animal grows. It is
defined as the weight gain per unit intake of protvein and may
he calculated from the following formula;

gain in body weight. (g}
FER =

proteln intake (g)

PER will vary with the percentage protain in the diet, with
a maximum efficlency at a certain level., The datermination
of PER demand feeding over a longer period, and in fishes and
crustaceans it is strongly related to the water temperature.

4 TRUE NET PROTEIN UTILIZATION (NPU)

This term originally proposed by Bender and Miller (1953)
m one of the most used terms in relation to protein evaluation.
The original formula was modified for fishes [Castell and Tiews
1980}. .
Nle({Nf-Mn) = (NU-Nen) - (Nb=Neb) Net - Neo

NPU = -
: Nl - Hi

where Ni = npltrogen intake
Nf = faecal nitrogen
M = metabolic fascal nitrogen
NU = Uripary nitrogen
Nen = endogenous urinary nitrogen
branchial nitrogen
endogenocus hranchial nitrogen
carcass nitrogen of test group
carcass nitrogen of group recelving a n!.t.mgeh—-
frae diet

&

Neb
Hot
Hco

LI B |

" The first fraction in this equation require detezmina-
tions of faecal and urinary nitrogen iln groups on test diet as
wall as on non-protein diet., oOne of the major problems encoun-
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tered is the solubility of the fascal nitrogen and collection
of this part of the nitrogan is very difffeult with the experi=
‘mental devises developed so far,

The second fraction, however, can be more easily applled
to £ishaa, Body nitrogen can he detarmined by analyais of each
aingle fish in the case of fingerlings, whereas, careful homogeni=
zation would give values based on analysis of samples from
larger fish, The method however, require adjustment of test and
control diet to equal caloric contents.

S APPARENT NET PROTEIN UTILIZATION
{PRODUCTIVE PROTEIN VALUE)

If no correction 1s made for endogenous nitrogen losses,
the apparent net protain utilization would be determined. This
function 1s identidal with the term productive protein value
{BPV),

Ni=Nf=Nu~-Hb N retained
app NPU = =
Ni N consumed

where Nb 1= branchial nitrogen

The advantage of the method is that it does not reguire
2 control group, and the nitrogen retention can be conveniently
ard very precisaly determined. The method is well sulted for
assay of different proteins, as the endogencus hitrogen may be
considered equal in all groups.

& BIOLOGICAL VALUE OF PROTEIN (BV)

It 18 defined a3 the percentage of the absorbed protein
which is utilized by the body, In this case losses in digeation
and metabolism are taken inte consideration. )

Ni=(NE-Nm} = {Nu=Nen} = (Nb=Neb)

Hi = (Nf=im})



85

From pet pootedn utilization and protein digestibllity, we
can derive this value

BV =

Net protein utilization. - ..

True digestibllity of protein
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CHAPTER 14

DETERMINATION OF ESSENTIAL AMINO ACID REQJUTREMENT OF i“RA‘rﬂ\l‘r
{Radiolsotopic tracer method)

1 INTRODUCTION

The requirement of essentlal amino acids (EAA) are
generally estimated on the basis of the following parameters:
{1} The weight gain in the feeding experiments using the test
diets {amino acid-diets) whose protein sources were replaced
entirely or partly by the mixtute of aminc acids; or (2} The
daily increase of each EAA in the £ish bodies when they were
fed on the diets containing proteins with high biological values.

In the case of the prawn, however, the amino acld-diets
are known to attain only poor growth as also observed in the
carp. This makes it difficult for us to estimate the EAA
requirements of prawn by the feeding trials. Therafore, to
define the amino acids essentlial for the growth of the prawn,
radio=isctopic methods are used,

2  PROCEDURE

2.1 Injection of 14C Acetate to the prawn

Two speciments of the prawn, about 6,0¢ in total bedy
welght, are each injected with 15 uCl of 14C sodium acetate
dissolved in lo't'f ,.ll of aqueous soluticn containing carrler
sodiun acetate {Q.7%). The radicactive acetate is injected
inte the muscle betwean the carapace and the second abdominal
segment, and thoen the prawns are maintained on the fresh
meat of shortenecked clam in the aquarium (30 1) at 25°C.

2,2 Fractionation of the prawn

Six days after injection of 14c acetate, the whole body
of prawna ls fractionated into 4 fractions by the method of

* prepared by Akio.Kanazawa, Professor of Hutritional Chemistry,
University of Kagoshima, Japan.




37

SCHNEIDER; that is, the prawns are minced, homogenized
in an ige-ecold trichloroacetic acid {TCA}, and separated
into the TCA-soluble compound fraction and the residue.
The residus is then extracted with organio solvents such
as ethanol-water (4:1), ethanol, and ethanol-ether (3:1}
to give the lipid fraction. The defatted residue is
further separated into the protein and nucleic acid
fractions by using a hot TCA solution.

Separation and Juantification of individual amino acids

The protein fraction is oxidized with poerformic
acid as describsd by HIRS and then hydrolized in a
sealed test tube with 5,7N hydrochloric acid by the
maethod of MOORE and STEIN. The perfonmnic acld oxidation
converts cystelne and cystine to cysteic acid and
methionine to the corresponding sulphone. The amino
agids of protein hydrolysate are separated and quanti-
fied by the method of MOORE et al. using column
chramatography on Amberlite TR-120 (type I, Rolm and
Hass co.) with sodium citrate buffers. Tryptophan is
also quantified and separated in the sane manner after
hydrolyzing the protein fraction in 5¥ sodium hydroxide
solation as mentionzd by OILSHLEGEL eb al.

Aeasurements of Redicactiviey

The radicactivity of lipid, TCA-soluble compound,
and macleic acid frections from the prawns and individual
amino acida from the protein fraction 1s measured wth a
Beckman Liquid scintiliation Counter LS=230 using &
dioxane solution of ppo {0.6 ) and naphthalene (11.2%)
as a scintlllation cocktail. The radloactivity of
protein fraction 1s determined in the aimilar manner
after hydrolysis with hydrochloric acid,



Distribution of radloactivity in the fractlons obtained
from the prawns 6 days after injection of acetate (30 ,nc.'l.)

Total radloactivity

Fraction  recovered ( mCi)
TCA~soluble compounds 0.3%9
Lipids 0.73
Nucleie acids 0.03
Proteins 0.15
Whole body of prawns 1.30
Sea Water 25.80
Total radicactivity recovered 27.10

Incorporation of radioactivity into the individual
anine acids of protein fraction in the prawns
& days after injection of acetate

Spacific Speclfic
Amino acida  activity Amino acids activity
: cpm/ umol) (crn/ pamol)

Aspartic acid 203 Vallne 0.1 '
Serine 02 Methionine 2,5
Glutamic acid 196 Iscleucine 0.7
Proline 138 Leucineg 0.1
Glyecine 132 Phenylalanine c.1
Alanine 187 Lysine 0.2
Cysteic acid 159 Alstidine 0.7
Tyrosine 1.2 Arginine 1.2

Threonine 1.9 Tryptophan 0.4
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Radicactivity is unambiyously incorporated into
aspartic acld, serine, glutemic acid, proline, glyclne,
alanine, and ¢ystelc acid., These amlno acids are suspected
to be unnecessary for the prawn. On the other hand, little
or no radicactivity is incorporated into valine, methionine,
izoleucine, leucine, phenylalanine, lysine, histidine,
arginine, threonina, and tryptophan. These 10 aminc acids
are not synthesized de nove and are probably essential for
the growsh of the prawn. Tyrosine is thoughito be formed
Erom the ingested phenylalanine.

3 REFERENCE

i. Manual Book of Experiments, Laboratory of Fisherles
Chemistry, University of Xagoshima, Japan. 1§80=81.



CHAPTER 12
&
PREPARATION OF ARTITICIAL DIETS FOR NUTRITIOHAL 3TUDIES
1 TEST DIET FOR PISHES

The H 440 standard refsrence diet of Halver (1969) has®
proven satlsfactory for use with a varlety of species of fishes.
1£ this exact formula does not prove satisfactory for growth and
survival of the test fish, slight modifications of clearly
explained ingredient changes still permit meaningful comparisons
of the test fish results with other specles.

Dlets may ba prepared as muist, semi-moist or dry diet,
or as a powder, rolled pellets, extruded pellets, or compressed

pellets,

1.1 Standard Referonce Diet H=440

complete test diet {g} vitamin rixture (g)
vitamin-free casein 39 L~gallulase 8.000
white dextcin 28 Choline chlorifa 0.500
Gelatin 12 TInositol 0.200
Corn oil & Lapscorbic acld 0.100
Cod liver oll 3  licotinic acid 0.075
vitanin mixture 9 Ca-pantothenate 0.0%50
Mineral) Mix 4 Riboflavin 0.020
e Thiamine HCl 0.005

Total 1c0 Pyridoxine HCl 0.005

Hater 200 nenadione (K} 0.004
Total diet as feed -3-60_ Folic acid 0.0013
Vitamin 3y, 0.0011
Biotin 0.0005

L~tocophercl-acetate (E) 0.040

* prepared by akio Kanazawa, Professor of [utritional Chemistry,
University of Kagoshima, Japan, R. Paul Raj and Syed Ahamed
Ali, Central Marine Filsperies Resqarceh Instltute, Qochin-18.
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Mineral lilx (g} USP AIT Mo.2Z {g}
USP XII No.2 99.50 Caloium biphosphate 13,59
AlCl,.6H,0 0.015 Calaium lactate 32,70
2n 534.}:20 0.300 Ferric citrate 2.97
cucl £.010 Hagnesium sulphate 13.30
HNS0, . H,0 0.080 Potassium phosphate
472 23.98
{Qlbaaic) *
KI 0.015 Sodium biphosphate 8,73
CoCl, . 68,0 0.100 Sodium chloride 4,38
——————
99.50

1.2 Preparation of Halver's diet

Galatin
Take in the container, add cold water and heat with
stirring in a water bath at 80°C to dissolve gelatin.

remcvae £rom heat

2dd with stirring - daxtrin (first) Casein ({second)
minerals, olls and vitamine as temperature decrease
mix well unti) the temperature decreased to 40°C
Warm diet

transfer into another container put into the

refrigerator at 5°cC

Artificial diet

Hix Letocopherol with olile
Mix 1 part of vitamins with 8 parts of Lece¢llulose and
Add vitamin By, in water during £inal mixing.

2 TEST DIET FOR THE PRAWN, PEMAEUS JAPOHICUS

Iggredients g
Casein {vitamin- fre_e) © 50,0
clucose . ) 5.5

Bucrose 10.0

]



Ingredients

a=Starch
Glucosamine HCL
Sodiun eltrate
Sodiun succlinate
cholesterol

4.0
0.3
0.3
0.3
0.5

Pollack liver oil

Minerals*l
*3
Vitamins

Cellulose powder

+ Water 130-135 ml

12.0
. 3.3
3.2
1.9

100.02

*1, *2 Minerals and vitamins for thagtest
diet of prawn, E. Iaanieus

Vitamins ng
o
T™hianine HC) (Blj 4.9

Riboflavin (Bz)

Vvitamina

‘Henadione

8.0 B=Carotene

P. Aminobenzolc acid 10.0

Bictin D.4
Inositol 400.0
Niacin 40.0
Ca Fapthothenate &0.0
Pyridoxine HCL 12.0
Minerals
K2H!"D 'y
Ca 3 {po 4 } 2
Nal, PO, 2H29
HgS$0,TH,0
33 11=1a] 4 5.'-120
reso, 71,0

2

Total

a=Tocophersl (vitamin E)
calcipherol
Cyanccobalamine (312)
Ha Ascorbate {vitamin C)
Felic acid

Cheline HCL

Total

2.0
2.72
0.79

" 3.02
0.004
0.015

p !

4,0
9.6
20.0
1.2
0.08
2000.00
0.30
600 .00

32000
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2.1 preparation of Test Diets for the Prawn

1) vitamins ace dissolved in either water or ethanol
and stored in a refrigerator at 3°C.

11} HMinerals are powdered into a fine particle with a
- - nortar. and imixed well.
iii} ”Th-é pH. of diet is adjusted with 0,5N-NaQ4 (in most
cage, 65~70 ml. of Q.5H-Naol solatlon) to pH 6.8-7.0
(optimun pH for the prawn diest).

Detalled procedures:

All the ingredients are welghed and powdered into a
fine particle. cCaseln, glucose, sucrose, a=starch, gluco-
sanine HCL, Na citrate, HWa succinate, cholesterol, and agar
are combined and mixed thoroughly. To this, cellulose powder,
minerals, vitaming, and pollack liver oll are added in turn
and mixed well. Tinally, digtilled water (130«135 ml} 1is
added to the mixture of dry ingredients and mixed agaln, the
pH of diet being adjusted to pY 6,8=7.C with 0.5N-HaOHd (or
1-4Cl).  The mixture so obtained is heated in autoclave
(without addition of pressure) at 100°C for 10 win. The
container 1s taken out from the aytoclave, and the ingre-
dients are mixed well and again heated at 100°C for L0 min.
by the same manner. The heated mixture of the ingredients
i3 packed into the plastic tubos (Cleharon tubea) by the
similar manner to that :f casing of sausage-making, The
cased diet is again heated at 100°C for 10 min. and then
cooled.

1. <Castell, J.D. Report of the TIFAC, IUN: and IGES
and ¥. Tiews working group on standardisation of
1930 mathodology in £ish nuerition research

EI7AC Technical Paper Wo.36. 24 pp.
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Z. Halver, J,Z. {ed:), Pish Hutrition. New York,
Acadanic Preas, 719 p.

3. janual Book of Experiments, Laboratory of Fisherles
Chemistry, University of ¥agoshima, Japan, 1930-81,
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CUAPTER 13
*
FEED FORMULATION METIODS
1  INTRODUCTION

The reguirements for protein and energy levels of the -
candidate species should be balanced in the formulas diets. In
addition, the specific amino acid levels, vitamin level, mineral
level and roughage should also be balanced. Zach feed ingredient
in any feed formulation should serve same specific purpose, and
have least cost, Usually in animal diets the protein level 1s
adjusted first and the energy level is adjusted by addition of
high energy supplements. o :

2 SQUARE METHOD

2.1 Dalancing crude protein lavel

2.1.1. Using two ingredients:

Using rice bran (crude protein 9:) and ground nut
cake (C.P. 454) a f£ish diet with 27 crude protein can
be prepared as follows::

A square is constructed and the two lngredients are
put on the two left corners along with the protein content
of each. The decired protein level of the feed is placed
in the middle of the sguare, lext the protein level of

rice bran 9.0 = 13.0
- ,’
~ ’
~ ’
27
e ~
s ~
_ CGround nut = 18.0
- cake 43%

the feed ie substracted from that of the ingredients and
the answer 1s placed in the opposite corner. The positive
or negative sign i1s ignored.

¥ Drepated Dy Syed Anamed All, Gentral Harine rishirles wescarch
Inatitute, Céchin-13. ’
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Now add the figures on the right side corner of the
ayuare 13 + 18 = 36

18
Then the % of ricebran = -= X 100 = 50:
3s

18
oof ground nut cake % == X 100 = 5003
3%

To make 100 kg of feed, 50 ky of ricebran and 50 kg
of groumdnut cake have to be utilised.

2,1.2 Using mere than twe lngredienks:

Using prawn waste {(C.P. 35%), fish meal (C.P. Y.
wheat bran {.P. 15%) and tapioca {C.P. 2.3} 2 prawn diet
with 324 crude protein can be preparsd as follows:

Group the ingredients with less than 207 crude proteln
and average thelir protein content

Wheat bran 154
Tapioca

17 L o
Avarage = 8.5

than
Group the ingredients with mo:{%o% crude protein
and average thelr protein content

Fish meal 804

Prawn waste 5%
95

Averaga = 47,55

Now the averaged protein contents are put on the two left
corners of the square, and the rest is sane.

Wheat bran + B.Eﬁ\ 7pS.5
~ -~
tapldeca S ”
- rd
-
32
g LY
/ ~
I ~
- -
Prawn waste + 47.5 |~ ~J24.5

fish meal

-
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Now add the f£igurces on tho right hand side corners of the

square.

97

15.35

15.5 + 24.5 =» 40.0

wheat bran + taploca = —— X 100 = 38.75
40

24.

5

Prawn wagta + f£ish maal = =——— X 100 = 61.25
- A0

Wheat bran
Tapicas
Prawn waste
Fish meal

= 38.75/2
= 3B.75/2
= 51,25/2
= §1.25/2

The composition of the feed is

Prawn waste
Fish meal
Wheat bran
Tapicca
Total

30.625%
30.625%
19.375%
i9.375%
100,00

2.2 Balancing energy levels

The square method can alsc be used to calculate the
proportion of feed ingredients to mix together to achieve
a desired diatary energy level.

using wheat flour 1663 Kcal HMe/ky and £ish mesl 4371 Kcal
Me/kg, a feed contailning 2500 Keal Mefkg can be prepared

as follows:

19.375%
19.375%
30.625%
0. 625%

Wheat flour 1663 S

Flsh meal

¥eal -~

4371}~

~ jl8M

~.1 837

Keal

Total 2708




L
-
'
98
1871
Wheat £lour = e X 100 = 69,1%
2708
837
Fish meal & w—== X 100 = 30.9%
2708
To make 100 kg of the fsed with 2500 Kcal of ME/b; we have
to mix 62.1 kg of wheat £flour and 30.9 kg of f£ish meal.
The square method cannot be used to balance for both
erude protein level and energy level simultaneously.
3 REFERENCE
i. Hardy, R, Fish feed formulatfon. In Fiah feed
1980 Technolegy. Agquaculture Development and
Coordination Programme, FAO ADCP/Rep/
20/11. p, 233-23%
L ¢



CHAPTER 14

*
DESIGNING FISH AND SHELLFISH NUTRITION EXPERIMZNTS

1 INTRODUCTION

Statistical method is a powerful tool in experimental
lnvestigations. While planning and implamenting experimental
préqrmes, this fact, however, has been often ignored by many
investigators may'be due to lack of familiarity with the subject,
as the foundatlons of statistical science sre mathematical. But
the logical reasoning and principles underlying the atatistical
method. are not difficult to comprehend and the actual applica-
tion of these methods in designing experiments and analysing the
resultant data are relatively strailght-forward and in many cases
fairly simple. The present article gives in brief the role of
statistical deaigning in experiments with special reference to
£ish and shellfish nutrition. A few designs which can be used
in mutriclion experiments are also dealt with.

2 WHAT IS STATISTICAL DESICHINS TO AN EXPERIMENTER

The formulation and testing of hypothesis are the nain
teatures of & sclentific method (xempthorne, 1972}. A researcher
postulataes a hypothesis which he would like to verify. This
verification nacessitates the collection of observations through
an experiment and the designing of experiment is concerned with
the pattern of obsarvations to ba oollected which should be
relevant to his hypothesis. Statistical designing involves the
formulation of a schame or lay-ocut plan where the placementa of
treatments 1in experimental uwnits are specified to meat the
objectives of the particular problem while keeping in view the
statistical requirements like randomisation, replication and
local contrel. (The term 'treatments' is used here ln a general
way and may mean level of feeding, doses of stimulants, stocking
densities, ete.}, The experimenter must have auch a lay-out plan
before administeripg the treatments so as to enable him to arrive
at valid canclusions, the logic of which is acceptable to the
concerned scient:.fj,e commuanity.

¥ Drepared by T. Jacob, central Marine risheries Hesearch
Institute, Tochin-i8.
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3 WY STATISTICAL DESIGRING

Varlability in experimental material 1s an inevitable
feature in any field of ressarch. Consider for example two
fish <ulture ponds, kept almost under identifical conditions
with same species, stocking density, ete. At the harvesting
time one would find that the yield of one pond is different
from the other. This may he attributed t¢ the uncontrolled
or rapdom variatlon inherent in the preduction process.,
Consider again two pownds kept as similar as poasible except
that in one pond supplenentary feading is provid'ed. ere
again at the harvesting time the yields would ke found to be
different. Can we straight away attribute the difference to
the effect of the supplementary feeding? Ve cannot. May be
supplementary feeding did not contribute in any way to the
difference in yield and the difference could be purely due
to the uncontyolled inherent variation, Dlfferences are
expected even when similarity is maintained in the two ponds.
One might then say that if the difference is cuite high ¢’
can be attributed to the level of feeding. But how high the
difference should be to attribute it ko the level of feeding?
The answer beccnes quilte subjactive, Thus variation introduces
a degree of uncertainty to the conclusions that are drawn fram
the results. A mathematical measure of uncertalpty is probae
bility, the theory of which enables us to make numerical
statements about uncertain outcomes., But this is possiblae
only i1f the experiment is planned taking into consideration
the statistical principles. Only a statistically designed
expariment can pepmit a walid teat of significance involving
probability statements whether s particular difference is due
to chance causez oy cab be attributed to real difference
batween troatmehts.,

In practical experimentation one great dAifficulty is
that factors extraneous to those under study nask the real
‘treatment effects, A statistically planned experiment attempts
to reduce the esfect of extraneous factors from treatment
comparisons and also has many desirable properties.
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4 CONTa0L OF ZXPININTHTAL FRROR

" The extranacus varlation mentioned earlier ls convention-

ally termed as ‘experimental error' where the word ‘errxor' is

not synonymous with mistakes but indicate all typetof extraneous
_wariation (Cochran gt al, 1973). There are two sources of
- exparimental erromone refers to the inherent variability in

the experimantal material or units to which the treatments are
applied and the other typs refers to the faillure to stamdardise
the experimental technique. Tt 1s desirable that the experiméntal
error is kept as minimum as possible as otherwise only a large
difference in the treatment means will be detected as aignificant.
redpction of experimental error automatically increases the
precislon. -one way to reduce the error is by ensuring uniformity
in the conduct of the experiment. Two other methods to effect
the reduction of the error are one by providing more replications
and the other by skilful grouping of units in such a way that the
unit to which ohe treatment Lis applied are closely conparable
with those to which another treatnent is applied, Scme of the
general principles governing these mathods and other related
aspacte ara alaborated.

S REPLICATION, RAMNDOMISATION AND LOCAL CONTROL

Two primary requisites in designing experiments age
replication and randomisation. rReplication or repetition of
treatmunts provides stability to the mean but more than that
makas it possible to estimate the experimental error, It also
increases the precision of tue estimates of both the treatment '
mzan and the experimental error.

Randomisation which means random allocation of trestments
to various experimental units, ensures that a treatment will not
ke urduly favoured or handicapped in successive replications.

It ensures unblassedness of the cstimates of oxperimental error
and provide for yalld treatment comjariscns ajainst the experi-
mental error {Fisher, 1040). Uhon treatmonts are replicated
and allocated randomly to the varidua units we are in a position
to test the significanco of observed treatnent differences by
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the use of test of significance procedures, Thus it is
essential to provide for adequate number of replications and
ensure proper randomisation at the planning stage (Panas gt al,
1964},

Grouping of Units often help in reducing. experimental
error. Thus {f the experimesntal unita farm a very hetarogenecus
set, try to group them so that units in the same replicate could
be large. By this process, from che total variation in the
observations the varlation between replicates can be removed
reanlting in the reduction in the error variaiica {experimental
error), The dayice of reducing arrors through suitable groupings
is called local control. Looking from ancther angle, if treat-
ments are allotted to a replication with homogensous units the
aobserved differances would reflect the real differsnces between
the treatment effects, The principle of local control is the
basis for experimental designs such as *‘randomised blocks' and
*latin squares'. When the number of tregtments to he accommo-
dated in a replicate becomes large, the homogeneity within a
replicate tends to be lost and can be restored by dividing the
replication into smaller blocke which is the basis of ‘confound-
ing' in factorial experiments and also varjous 'incomplete block
designs' {Cochran et al, 1973}).

6 SOME USEFUL PLANS

6.1 Randomised block

one of the most commonly used plana ls the randomlsed
block deaign wherms axpaerimental material is divided inta
blocks each of which constitute a single replicate i{n such
a way that the units within a block is as homogensous as
possible. The treatments are now randemly allotted to the
experimental units within a block. This increases the
comparabllity of treatment effects as they act under condia
tiona which are similar except for the treatments. TFor
instance in an experiment to select an economic supplementary
foed mixture from among 4 preparaed mixtures for prawn
culture, 4 ponds all located by the side of the maln water
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body like the backwater or estuary, could be grouped as one
block or replication and allot treatméntis .at random. The
next 4 could be ponds running parallel te the first set but
more inside the land so that within a block salinity and
associated features are liksly to be similar. This arrange-
ment takes care to a good axtent salinity gradient likely to
be reducing when moved away from the main water body. In
the experiment if there are S replications there will be
totally 20 ponds. If all the 20 ponds are more or lass
aimilar no blockimg or stratification if required and tha
treatmants could be randomly allotted over the Qnti.t-'o_:fan'q.
of the 20 ponds. Such a design is called complately rando=
mised design. However, if heterogeneity in the features of
the pords is suspected it is desirable to provide Blocks
which may hs‘l.p in reducing the experimental error. Iu'm
be stated here that Lf two-way heterogeneity is suspacted a
latin-~square design has to be followed lnstead of rapdomised
blook design which takes care of only one=way hoherogene'it.y.'

»2: Pactorfal experiments in complete and incomplete blocks

Consider an experimapt to study the effect of different
lavels of protein and energy on body walight of f£ish in
culture pords, Tf there are, say, 2 levels fox each factor
there will be in all 4 (22) treatmant cambinations. A group
of treatments which contains two or more levels of two or
more factors in all combination is known as tha factorial
arrangement., The different combinations could be- allotted
as in a randomised block. design. ‘The experimenter could
try a one-factor-atea-time spproach. But the advantage in
2 factorial experiment is that not only the main effects out
also the interactions between factors can be studied and
tested for statistical significance.

If the nunber of factors and levels are large say 3 _
factors at 3 levels aach, the numbar of treatmentcombinatiofe
will he 27, It may be difficult to get 27 experimental pands,
which are more or leas homegeneous with regard to factors
other than being teated se that the prineiple of stratifica-
tlon to raduce sxparimental error cannot be implemented, An
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ingenious device to owvercome this situation is called
confounding where a homogeneous block will not accommodate
the full replication, One replication is divided into say,
3 compact blocks such that Lhe units in the smaller blocks
ara homogensous. The 27 treatment combinatlons can be
divided intc I groups of § each and allotted to the 3 compact
blocka. ‘However some of the treatment comparisons will not
be distinguishable from blockdifferences or in other words,
get confounded with block differences. Thus scme sacrifices
have to be made. But at the planning stage this aspect can
be considered and the schema can be so formed that all major
and important comparisons are kept free from block dilfferen~
ces, Factorlal set-up can ba easily superimposed in poly=
culture experiments in. pens or in ponds.

Swiltch-over

There are occasions in which treatments are mpplied in
sequence over several periods on a group of individuala,
Copskihir an experiment to study the effect of mineral
supplementation of two types in lobaters kept in artificial
tanks. If there are say six groupa of lobsters separated
and kept In tanks with sub-partitioning, then the two types
of supplementations are given such that half the groups
received =ay, type A and the other half type B in period 1.
The lobstars receiving type A in pericd 1 will be switched
over to get type B in period 2 and visa versa, Such &
deszign is called switch-over or change-over design. (Federer,
1267). oOn the other hand if & tims trand is expected in the -
character under study a ewitch-back or a double reversal
deaign will have to be used, In these procedures a resat
period {8 to be provided between two treatment periods so
that there ls no carry over effect or rasidual affect
influencing the treatments durlng the sseond period. However
if a reasonably long rest paricd 1s not feagible ur the
residual effect I8 itself a topic of interest the proceduxe
ig to be modified so that direct and residual affects aof
treamants ¢an also be measured.



7 DISCUISTON

‘The need for statistical designing in scientific
experimentation and some coomoh design which can be used in
£ish nutrition research have been dealt with in the preceding
paragrapha, There are several designs avallable in atatistical
literature account# of which are detailed in the referances clted.

. once a design is fixed the data collected should be
analysed Ly following procedures relevant to the daesign. The
details of the prosedures of analysls corresponding to each
deaign are avalilakle in the peferences mentloned.

The importance of redycing experimental error has heen
stressed and lodal control metixkl has been menticned as a
procedure to achiewe it. In addition there is a purely atati-
stical procedure tp reduce exparimental error called analysis
of covarplance technique vhere information on a sultably chosen
auxiliary variable is used to build up 3 regression relationship
for adjusting the error variance {Snedecar st al, 1967). For
instance in 2 pen culture experiment 1f the body weights of the
fish released into the pens are initially not the samwe, the
treatment comparisons may gat vitiated and error ingreased, The
influence 1f any of the differing body weights on the character
under study ¢an h¢ assessed and 4f found significant necessary
#d justments 2an bg made through analysis of covariance procedures.

The cost involved in mariculture expariments will he
generally high compared to experiments on land. Replication
baing one of the essential features of designing, a question )
often asked 1s what would be the minimum number of replications
raquired to repdar tast of significance sufficiently sensitive
to detect real traatment differences. Tnis depends on tha
magnitude of vardation in the experimental units. If the magni-
tude 1s known the number of replications required for detecting
a particular difference with -3 certain level of confidence can
be worked out. A Zair idea of the magnitude ©f variation can
be gbtalned {rou available feed-bhack data or by conducting a
uniformity trial where a particular crop is grown in several
contiguons smallesized ponds with uwnifops treatment and studying

-t
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the varlation in ihe slelds from these units (Panre ot al, 1965).
In fact information from unifiormity trials would £acilitate
prepagation of contour maps and help in the formation of layeout
plans for the experiment.

Thera ara workers who do not bother to follow a dasign
but want to enalyse the data statistically. 3cme others follow
a design but are gatisfled with some minkaum analysis. Tt is
essentlal in s¢ientific experimentaticn to follow o suitabls
‘design and make a comprehensive analysin «f the valuable
resuliant data through apuropriate statistical procedures. The
two aspects go hand in hand.
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9 ADDETTIN T OWOTER

$.1 Illuskration

A rapdonised Tlock deslon was anplored for carrying out
a huericion excrient o sty the oavnrative effect of




different supplementary feeds {trzatments) on growth of
sillage f£ish, keeplng factors other than f£eed uniform,
Number of replications: Four (Rl. R,. Ry and R4}

Number of treatments: Flve, ohe coptrol (T1) and four
supplementary feeds (Tz, T3, 'l."4 and Tsl

Total number of ponds used = 4 X 5 = 20

The ponds were grouped into replications such that the
five ponds in cone replication were a3 simllar as possible.
In each peplication the treatments were sllottad at random.
The lay-out plan is shown balow:

R By Ry Ry
—_—

Ty Ty Ty Ty
T¢ T1 TS T3
Ty Ty ™ T2
i

Ts T3 T2 T4
T3 T2 T4 TS

The figures of the gain in weight of fish {gms./£igh) for
each of the ponds. at the end of the experimental period are
given in the following table.

Replication
1 z 3 4 Total
Treatmant
i 24 25 23 21 93
2 25 22 24 i9 a0
.3 24 26 21 22 93
4 33 36 32 K} 132
S 34 33 it 9 127
Total 140 142 131 122 535

hnalyse the data and draw conciusions.
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9.1.1 Step-by-step procedure

9.:1.1.% Totals:

(a)

(b}

(<)

9.1.1.2 Sums

The replicatlon totals are:

Rlﬂ 24 + 25 + 24 4+ 33 + 34 = 14D
Ry= 25 + 22 + 26 + 36 + 33 = 142
Ro= 23 + 24 + 21 + 32 + 31 = 131
R,= 21 + 19 + 22 + 31 + 28 = 122

The treatment totals age:

Ty= 24 + 25 + 23 + 21 = 923
=25 + 22 +24 19 = 90
Ty= 24 + 26 + 21 + 22 = 93
Ty™ 33 +36 + 32 + 31 =132
Te= 34 + 33 4 31 + 29 = 127

The grand total 1is
G.T = 140 + 142 + 131 + 122 = 535

of squares (5.5.):

(a)

(b)

Total:
- 2 2 2
Crude 3,3, = 247 + 25% 4+ ,,, + 297 = 14811,00
(53)2 {20 rems)
Correction factor = = 14311.25

20
Corrected 5.8, = crude 5,5, = C.F. &= 499,75

Replication:

2,122%) = 143061.80

Crude 5.5, = é (1402+1422+131
c.F. ' = 14311.25%

Corrected 3.5. = 50.55
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(c) Treatments:
Crude 8.5, « & (9324802 +93%4232%4137%) = 1473775
14311.25

C.F.
Correcced 3.3, = 426,50
{d) Error S5.8. is obtained by substraction of corrected

S5.5. for replication and treatment from the correct-
ed total E.5.

Error S.5., = 459,75 - 50.55 - 426,50 = 22.70

9,1.1.3 Pormation of analysis of varianca table:

ANOVA

|

Bource of variation D.F. S.8, M. 8.5,

*
‘Replication -3 50,58 16.85 8,94
Treatments 4 426.50 106,63 56.42™F
Rrror 12 22.70 1.89
Total * 19 492.75

*% significant at 1% level

It can be saen from the table that the treatment effect
is hignly significant (1% level). alsg the replication
effect is highly significant ipidicating that the grouplng
of ponds hag been effective in reducing the error.

9.1.1.4 Calculation of standard errors (S.Z.) for the
comparison of two differsnt means:

{a) 3.E. of any treatmen:t mean,

Error H.S. [1.59 '
S.E. = = = 0.69

No. of replications [ 4
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(b} $.E. of difference betweeh any two treatment msans.

2{Error ».5.) 1,78
_S.E.d = = = 0,97
Ne. of replications 4

{¢) cCritical difference (C.D.} at 1% level for comparing
twa means.

Hote:

5.2, A
= 1 vihere tG-Cil refers to the 't' value

a¥*%.0
at 1% level for 12 d,f. = 0.97 X 3.05 = 2.96

Comparing two indlvidual means 1s to be rasorted
to only, if F test, which is an overall test, is
found to be significant.

+2.1.1.5 Sunmary table of means:
Mean galn in weight (gm/f£ish) for different feeds

Note:

T T

4 5 Ty T T2

33.00 31.75 43,25 23,25 ° 22.50

Peads which do not diffar significantly as can be
found out with the help of C.D. value are under-
lined by a bar. Thus Ti and TS are not significan-
tly different as also Ty» T, and Ty

9.1.1.6 Conclusions:

The supplementary feeds 'I‘4 and Tg gave significantly
higher gain in welight than rest of the feeds.

Hote:

If economics 1z the consideration the cost for
unit gain in weight of f£ish can be computed for
each pond and then analysis of variance can be
conducted and conclusions drawn by an identical
procedure as akbove,



CHAPTER 15

. ) *
PREPARATION OF MICROENCAPSULATED DIET

1 Pprinciple

HoNeRetieM  CleCe(CH,), = (CHy), = CCL

SIS u

H B =]

Diamine Sebacoyl chloride.

NeReN=C- (CH), = (CHy), =
+ InRCl

— |} 1]

H HO - %

Wall structure

2 Reagent

(2) Dilet ,,..e.g9. chicken egy

{h) Diaminohexane solutlon ....0.92g of
1, 6=diaminohexane + 20 ml of 0.45 N
NAHCO, = NACO, buffer (pH 9.8)

{e) Mixed solvent =0lutlon ..e-veee
chloroform - cyclohexane (1 : 4)

{d) Span 85

{e} Sebacoyl chloride
{f) 3Sucrose monolaurate

St o

* Prepared by Aklo Kanagawa, Professor of Mutritjonal Chemistry,
Kagoshima Universiey, Japan.
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Erocedure
Mixed solvent solution (25 ml) + Span 85 (0.5 wl)

+ Diamine soln., (0.5 ml) + Diet Seln. {2.5ml)
Boulsification for 3 min. by hawogenizer

+ HMixed solvent soln. (10 ml) + Sebacoyl chloride
{D.2 ml) .

+ Mixed solvent soln. {30 ml)

Praclpitate (Microencapsulated diet)

Washed with mixed solvent soln. (ICIO ml})
2-3 times by decantatlon

Precipitate

+ 7 ml sucrose monolayrate
stirring for 10 min.
Washing for 24 hr, in water {2 litre)
Flitration with cloth sack aof 10 /n meash
Wash with water (2 litre)}

2 times by filtration

4
Microencapaulated diet

store in 1 mol NaCl

.
K
«
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" CHAFPTER lé&
. *
METHODS OF CULTURING PHYTOPLANKTOMN

1l INTRODUCTION

It is an established fact that the success of any hatchery
operation will depend mainly en the avallability of the basic
food, the phytoplankton., The maintenance and supply of the
required spescies at appropriate time form & major problem facing
the algal culturists. The procedure for the phytoplankton
culture involves aspects such as the isclation of the regquired
species, preparation of the suitable culture media, maintenance
of the culture in the laboratory scale, as well as large scale
under controlled conditions of light, temperature end asration
and thelr constant supply in differant phases of growth.

2 METHODS OF ISCLATION AND CULTURE

2.1 Methods of isolation

The isplation of the required species <can be done by one
of the following methods:
a. Plpatte method:;
Larger organisms can be pipetted out using micro-
pipettes under a microscope.
b. Washing method or centrifugation:
Repaated washing or centrifuging the water samples
results in the isolatilon of larger organiams,
c. By exploiting th#® phototactic movement:

By this method, the phytoflagellates, will move
£0 ong direction and with a micro-pipatte can be
isolated,

* Prepared by C.P, Gopinathan, Central Marine PFisheries Research
Institute, Cochin-18. ] -
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1. By agar-plating method:

For preparing the agar mediwn, 1l.5% agar is
added to 1 litre of suitable medium or even natural
seawater and this agar solution is sterilised in an
autoclave for 1% minutes under 150 lbs pressuye and
120*C temperature., Now this medium 1s poured in
sterilised petri-dishes and lefx for 24 hrs. 1In
casa of culture tubes, the medium 1s poured in
1/3 part in tubes and properly plugged with cotton
before sutoclaving.

The isolated species can be picked up by platinum
needle or platinum loop under microscope and streaked
on the surface of agar plates, After innoculation,
these petri-dishes are placed in an incubatlon’
chamber for 10-15 days. Light intensity and temparas=
ture should be maintained constant. Within 15 days
if the required species forms a colony, remcve 1t
by platinum lgop and transfeyr to culture tubes half
£illed with suitable culture mediy, and subseguently
fram the culture tubes to culture flasks and then
to 20 1 glass cariwoys if the gpecies could bhe
enltured on a mass scale.

Culture apparatus

Vessels made of 'Pyred' or '‘corning' glass are usually
used for phytoplankton culturing. But fran test tube to
cofeorete tanks may be used, depending on the guantity of the
culture required. For small scale experiments Erlenmeyer
£lasks equipped with inlet and outlet tubes for aeration are
used., Glass tubes or flasks plugged with cotton provides
enough aeration. The vessels should be cleansad well and
sterilized in a hot air oven.

Salection of the culture medium

on securing the desired organism, transfer the sample
into a seriss of petri-dishes, each containing different
enriched media. Keep them exposed to sunlight or artifictal

fl’ iy -'f'"
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light. This preparatory culture is used to select tha
euitable medium for the particular specles, During this
time, the organlsm multiply in one of tha media and provide
enough material for further process of culturing. Pure
cultures are sometime obtainad only after several attempts,
The preparatory ultures may be maintained till pure cultures
are obtasned. ' '

2.3,1 Culture media or solutions:

The following are some of tha culture media found
suitable to most planktonic algae:

2.3.1.1 Schreiber's solutian:

Sodium nitrate (.1 gm

Sodiun -acid phosphate 5.02 gm
Soll extrast SO ce

Filtared water 1 litre

The soil extract is prepared by boiling 1 kg good
garden soil with 1 Llitre of distilled water in the
antoclave for one hour, After 2=3 days, the suparnatant
1iquid is separatsd into a flask and starilised in an
autoclave at 120°C for 20 minutas. Tt is advisable to
keep the soll extract in a refrigerator. ‘ :

2.3.1.2 Miquelts solution:

L
A B

20.2 gm of Potasalum Sodium phosphate — 4 ¢om
nitrate diesolved in Caleium chloride =- 4 gm

100 ml of distilled Perric chloride =- 2.0 gm

water Conc. HCL e 2 nl
Dissolved in 100 ml of distilled
water

To sach litre of filtered seawater, 0.55 ml of A
and 0,5 ml of B are added.



116

2,3.1.3 Convey or @Wslne's medium:

This mediun i3 mainly used for the mass culture of
phytoflagellates such as Isochrysis, Tetraselmis,
Monochrysis and Dicrateria species.

a. Sodium nitrate or
potassium nitrate
Sodium phogphate
Ferric chloride
Manganeas chloride
Bromic acid (!-53303)
EDTA

Ceea 100 gm
teas 20 an
seen 1.3 gn
NN 0.36 gm
[ 33.4.gm
rera 45w\

Pissolve all the chemicals in one litre of

distilled water. One ml is
of filetared seawater.
b. Trace metal solution:

Zine chloride
Caleium chloride
Ammonlun molybdate
Copper sulphate
Diatilled water

one ml i added to each

<, Vvicamin stock solution:

12'12 1eae 5 mg
B, vess OO Mg

2.3,1.49 ™MRL medium:

added to each litra

PR 2.1 ogm
P 2,0 gm
iean 2.0 om
e 2.0 gm

[ 100 ml

litre of the seawater,

Dissolve in 100 ml of
distiiled water. 0.1 ml
is added to sach litre of
saawater,

This solution is mainly used for the masg culture
of diatoms, such as Skeletonema costatwn and Chaetoceros

app.

iy e
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Pottassiun nitrate deen . 10 om

Sodium phospliats seve L gm
Farric chloride saee 0.3 gn
Sod.lqu silicate PR G.2 gm

Prepare each chemical in 100 ml distilled water
in separate bottles. Add 1 ml of the solution %o
1 litre of filtered seawater.

2.3.1.% P M solution;

This 18 another culture solution used mainly for
the mass culture of diatoms, especially in 20 1 glase
carbucys as a starter for the large-scale culture in

bigger tanks.

Sodiuvm nitrate P 10 ogm
Potassium phosphate ... 1 gn
Farric chloride crrn 0.2 gm
Sodium silicate ean 0.2 gm
Agrimin rene 0.1 cm
EDTA PR 0.2 gm
Thiamine- (.Bl) PP Q.005 gm
Cobalamine (Bn) sees 0.005 ¢gm

Prepare the solution in separate 100 ml reagent
bottles and added to the filtered seawater i ml/l,

2,3.1.6 - In open syatem (100 ton or more) the mass production
of dliatams lz conducted by using Commercial fertilizers:
T

ugrea eane 100 mg/l
Agrimin ser 1 mg/l
Ferric chloride rees 2 mg/)
16=20-0 . .o na 5 mg/l
Sodium silicate eeue 2 mg/l

Potassium phosphate ... 3 mg/1

2.3,1,7 Por raising a mixed cultura of phytoplanktérs, the
followirng chemicals can be used.
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Potassium nitrate evss 1432 gm
Sadium phosphate vees 0.66 gm
Sodium silicate vess  0.66 gm
EDTA vsse  O.856 gm

Mix the chemicals in a one litre beaker, diluting with
distilled water and pour to 100 1 of unifiltersd sea-
water. Within 2 days, a bloom of diatoms could he
expected.

3 GROWTH PHASES OF THE CULTURE AND HARVESTING

The usual way of the laboratory culture of the microalgae
is one in which a limited volume of mediwn containing the necess-.
ary inorganic and organic nutrients is inoculated with a relati. -
vely small number of cells and these are exposed to suitable
conditions of light, temparature amd aeration, Increase in cell
numbers in such a culture follows a characteriatic pattern in
which the following phases can he noted.

{a} TLag phase - in which no increase in cell numbexs

{b) Exponential phase = in whigh cell multiplicaticn
is rapia

(¢) Declining phase - in which the cell numbaras ramain
conatant or no mare growth

(d) statlonagy phase = in which the cells are stationary
{e) Death phase -~ in which decay may start
Harvasting of the culture is done at the exponentlal

phase of growth, <Cultures can be mainteined by occasional
replacement with putriants or by regular sub-culturing.

P
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CHAPTER 17

*
METHODS OF CULTURING ZOOPLANKTON
1 INTRODUCTION

Successful hatchery production of the fry of fish and

~erustaceans for aquaculture purpeses depends, among other things,

on theayailability of zooplanktonic organiams of appropriate
size for feeding the larvae. Freshly hatched Artemia nauplii
have been the popular larval feed used by scientists and agua-
culturists for a long time., But the high cost of Artemia )
cysts has lead the aquaculturlsts to search for other suitable
zooplankters which could be easily cultured on a large scale.
The rotifer Brachionus Plicatilis, the cladoceran Hoina ap.
the harpacticoid copepods such as Tigriopus spp and Tisa pp,
the nematode, Panagreilus sp anrd the cillate Fabrea salina,
all of which have a high reproductive rate, short generation
time, and the ability to live and grow in crowded culture
conditions have been found to be usaful as live feed organisms
for larval rearing of cultivable species of fish and Qrustaceans,
Among them Brachionus plicatllis and Moina sp have been most '
successfully used in larval rearing work in many countries and
hence, in this paper, the methods of culturing these animala
on a large scale are discussed in the light of experience
gained in mass culturing them at the Narakkal Prawn Culture
Laboratory of the Central Marine Fisheries Research Instikute,

2 BRACHIONUS PLICATILIS

This filter feeding, planktonic, eurvhaline, rotifer
which multiplies at a very fast rate by parthenogenesis under
ideal conditions has been found to be an excellent feed for
rearing marine fish fry especially during the sarly larval
stages. It 1is alsc a good food for late mysis and early post-
larval stages of penaeid prawné.

* Prepared by H.%. Mothu, CEntral MarIm_Fisharies Résearch

Institute, Cochir‘l-la .
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Isolation

Srachionus plicatilis grows naturally in brackishwater -

ponds and can be eagily iselated undet a binocular micro-

scope with a fine pipette. As the rotifer 1s parthenogene-

tic, it is easy to isclate a few egg-bearing females in a

petri-dish ceontaining filtered brackishwater and by feeding
them with a suitable algal food to build up a stock culture

within a few days.

culture mediyn

B, piicatilis is euryhaline and can be acclimatised to
grov in waters with a salinity of 10 to 40-ppt. It ia
likely that there are geographical races which may grow
hetter in certain salinity ranges, which will have to be
determined experimentally. Generally .a salinity range of
20=30 ppt i3 good enough. Piltered sea water can be
diluted with good tap water or well water to get the
desired salinity.

culture contalners

Contalners ranging from 20 litre glass carbouys to
380 ton concrete tanks have been used for culturing
B. plicatilis depending on the quantity of rotifers
needed. For a hatchery, large plastic containers, fibre-
glass tanks or concrete pools will be necessary. It is
essential that the containers are provided with good
aeration facilities as the dense concentration of algae
and rotifers corsume a lot of oxygen especially during
night time,

Feed for the rotifers

B. plicatilis has been grown on pure cultures of
unicellular algae such as Chlorella sp., Tetraselmis sp..
punaliella sp., bakers' yeast, marine yeast and methanol-
groun yeast, and freeze-dried or spray dried Chlorella,

K ARV A
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$piruline or Platymonas, or sven on powdered formilated
dlets. 1f fresh algae are used tliey are cultured separately
and added to the rotifer cultures every day. To reduce the
cost of culturing algae various typas of sgricultural -
fertilizeras such as ammonium phosphate, ammonium sulphate
and urea are used; organic manures such as sxtracts of
chicken dung, plg mamure, and groundnut oil cake have also
been tried. These organic manures induced a good growth

of Chlorells and bacteria which sre utilized by the rotifer
as food. :

Culture methods

It ias advisable to grow the rotifers and the algal feed
in separate containers, -Dasired amcunt of algal suspension
is added to the rocifer tank to maintain a concentratlon of
10° celis/ml in the case of Tetrassimis and Dunalislls or
5-10 X 10° cells/ml of Chlorells, Yesst, algal powders
and formulated diets are given at the rate of 200-300 mgy/
litre por day in 3 divided dases, The potlfer population
grows rapldly and attains a qonoentration of 200-300 nos/ml
in 4=5 days after starting a culture at & temperature of
28-30°C, - If the rotifer oulture is not harvested, a density
of upto 600 nos/ml ia reaehed in 6-7 days and then tha
culture declines rapidly, It is bhetter to harvest daily
1/3 to 1/4 of the culture and replace thé volume harvested
with fresh algal culture or rotifer medium, Ra_xvest.é of
30-30 nos/ml per day could be made every day. Regular
harvesting helps to maiptain the culture in good condition
for a longer period. Since the cult,uée are not maintained
under sterile conditions they are likely to be contaminated
with the growth of undesirable filamentous algae and
ciliates., Under such conditions the cultures should bhe
disgarded, the poola ¢leaned thoroughly and a fresh culture
started again,

At the Narakkal Prawn Culture Laboratory of the CMFRI
B. plicatilils is cultured in 24% dia. outdoor plastic poocls
using 20-3C ppt. brackishwater fertilized with groundmut
oil cake (250 gm/ton) urea (IB gn/ton) and supecphosphate
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(4 gm/ton) to induce a bloom of Chlorella on which the
rotifesns feed, '

Harvesting

Harvesting of rotifers is done by filtering through a
nylon bolting silk cloth of 40 micron mash eize. The
ooncentrated rotifers are washed in cléan sea water and
used for feeding larvae elther in fresh or in frosen
condicion. Rotifers that are to be frozen should not be
washed in freshwator as it leads to osmotic breakdown of
oull manbranes and st the time of thawing a very poor
product is obtained. Harvesting should be done in the
sxponsntial growth phase when the rotifers are sesn with
3 or mors eggs attached to the body. The organic matter
content of the body is maximum at this stage. In the
senepcent stage, the rotifers de not carry eggs, thair
kody tissues are depleted, the test beiny practically
empty and the animals swim feebly around. The mitritive
valus of much yotifers will be very poor indead,

trit. ¥,

It has been reported by Japaness workers that the
autritive value of -the rotifars to the fish larvas depends
on the diet on which the totifers were reared. Fish larvas
fod with rotifers grow on a diet of fresh algal cultures
appear to be well pourished while those fod with rotifers

reared on a diet of yeast or commercial single cell protelns.

ars weak and their survival 1s low, This is attributed

to the difference in the fatty acld composition of che
rotifers fed with yeast and algae respectively. The latter
are found to ba gich in w3 long-chals unsaturated fattiy
acids (LUFA). Marine f£ish and crustadean larvae seem to
have a specific requirement for w3 LUFA which can be
sacisfied only through the diet,

Maintenanos of cultures

New cultures can l;e started from resting eggs which
can be stored for long pericds, - B. plipatilis which
nommally reproduces by parthenogenesis, producas resistant

e
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reating eggs under unfavourable conditions or whan the
denaity of tha rotifer population becomes too high.

B. plicatilis which have been growing in normal sea water
have heen induced to producde reating aggs when they are
transferred to 25% seawater. By this method resting eggs
could be collected and stored in a deep freeze at -14°C
for 3 months and for 3 weeke in a desiccator at room
tempsratura without loss of viability. It is reportad
that the she)lf life of desiccated agys can be increased
te 25 weeks by a process known as sonificacion at low
anergias. '

3 MOINA SP.

™e frashwater cladoceran Mnina is frequently found in

temporary ponds. It is readily saten by bigger fish fry and

by glder postlarvae of penaewid prawna. Moina also reproduces
by parthenogenesis under £favourable conditlons and forms resating
agge through saxual reproduction under unfavourable conditions.

The

embryos develop inside the dorsal brood pouch and the young

ones hatch out fully formed,

3.1

3.2

3.3

Isolation

Moina can be collected from ponds and a stock bhullt up
starting from a single parthenogenetic female, From a
single female kept in a 2 litre boaker containing Chlorella
water, 1t has been posaible-to okitain 42,000 Moina within
12 days.

Culture medium

Good tap water or well water can be used for growing
Moina, Salinities above 3 ppt are not tolerated by them.

Culture containers

P

3' =~ 12" dia, plastic pools or concrete tanks can be
used for Moilna culture. Good aeration should be provided,
Tha tanks are kept gutdoors.
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Feed for Moina

It is a filter feeder living on a varlety of unicellular
fresh water algae, Chlorella appears to be the bast fead,

Culture methods

The ¢ulture tank is filled with freshwater, innoculated .
with a culture of Chlorella, fertilized with groundnut oll
cake (250 gm/ton}, urea (8 gm/litre) and superphosphate
(4 gm/ton) and well aerated. On the second day after the
water becomes slightly greenish the culture ja ianoculated
with a pure culture of Moina which multiplies rapldly and
attains a concentration of 20 to 30 thousanpd individuals
per litre in 6-7 Qays. At this stage 1/3 - 1/2 the volume
can be harvested and replaced by freshwater along with the
proportional amounts of the above fartilizers, or by
Chlorella water cultured in a separate tank using the same
fertliligers. If the latter method is followed 1/3 of the
culturea volume can be harvested everyday. - The groundmut oll
cake sustalns the algal bloom for e longer pericd and in _
the fipely divided state may be saten directly by the clado-
cerans, <Colorella blooms can be maintained by fertilizing
with chicken dungy or pig manmare also,

Appearance of males In the culture, heralds the declipne
of the population by formatlon of resting eggs. When this
happens it is better to remove all the water leaving only
the sadimants at the bottom and £illing up the tanka with
chlorella water again. Moina culture ravives in a few days.

Harvesting

Harvesting is done with a plankton net 1n the exponential
growth phase when the females are reproducing actijvely by
partheriogenesis. Parthenogenetic females contailning 8«12
embryos in the brood pouch are rich in organic matter and
are evidently more nutritive than females with resting eggs
or the males. Harvested Moina are washed in water and
frozen into small blocks for' future uge.
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3.7 Mutritive value

Moina which can alse be grown on ysast or commercial
single cell proteins, are said to be deficient in w3 LUFA
and are thereiore inferior as feed for the f£ish and
crustacean larvae. Moina fod with fresh algal cultures
are nutritionally sdequats.

3.8 Main 9 O ltures

Resting egys can be collected from the bottom of the
culture containers and storsd in dry conditions at room
tomparature Sor 3-3 weeks without lass of viability.
Freah cultures can be started by keeping the dry resting
eggs in vell aerated Chlorella water; parthenogenetic
females batch out from the resting eggs wichin 48 hours,

4 ARTEMIA SALINA

Artemia saline nsuplii are usually hatched ocut from cysts
stored in sealed capm. Cysts hydrated in scawater hatch cut in
24=30 hra. They ave isolated from the floating empty cysts by
keeping a light at the tfansparent bottom of the conical cone
tainers used for hetching the cysts, The nauplii which congre-
gate near the light ave siphoned cut and used for feeding the
larvas or for starting batoh cultures of adult Artemia to feed
the juveniles and adulys of fish or prawns. Freshly hatched
Artemia nauplii are said to be nutritionally superior to one
day old nauplii,

Dense batgh cultures are grown in large containers uaing
wall aerated, high saline water (40-60 pbt]}. Suspensions of
yeast, dry Chlorells or 3piruline powder, rice bran or groundmut-
oll-cpke=-nilk have baen used ta feed the Artemia. Thay bacome
©gd bearing adults in 12-14 days, The nutritional quality of
the adults grown on different diets will be diffarent and will
have to bhe ‘assessed in relatjon to the purpose for which they
are ralsed.

Maintalning continuous cultures of artemia under controll-
ed conditions for cyst.production is possible only on a amall
scale for experimental puyposes. However Artemiz is being
cultured in sslt pgns for comrercial production of cysts.
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