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PREFACE

The Centre of Advanced Studies in Mariculture established
at the Central Marine Flsherles Research Ia;titute has been
conducting Workshops in Research Methodologies on specialised
disciplines with a view to enhance the competence of the sclenti-
fie workers specialising in researches connected with mariculture.
The main emphasls in mariculture research has been directed
towards the development of economically viable culture techniques
for culturable species of fish and shellfish, with a view to
augmenting the fish and shellfish production of the country. In
order to develop low-cost technolegies the essential operational
inputs have to be rationally utilized.

+

It haz been well established that feedintg constitutes the
major cost of production, often exceeding 50 per cent of the
operating costs in intensive aquaculture o;;eratioru'. Two main
factors affecting the cost af feeding are cﬁmpoaition of the diet
and efficiency of feed conversion. In order to develop laast-
cost formula diets of high conversion afficiency, knowledge of
the nutritional requirements of the dilfferent specles during the
different phases of the life cycls and the nutritive value of the
complex- feed ingredients avalilable in the country to the candidate
species 13 a prerequisite.

The existing information on the nutritional reguirements
of cultivated species of fish and shellfish in India, is meagre
and recently research has been intensified tn this area. Lf
researches on this field could be cerpied ut using standardised
experimental procedures, the data obtafed on the nutrit?onal
reguirements of the different specics could e stored in & fish
atd ghellfish nutrition data bapk, fram where data could be
disseminated to tiie users such as feed mamafactulers, farmers,
extenslon workers and research workers as and when required,

Ik is also tiecessary that the data colliegted on the chenlcal
oconpositlon £ the feed ingredicnts and their aubcitive value
tor the species should be based un standard chemical methods
and exparimental provedures so that the data could be stoered in
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vanious mertods on, compgsition, analysis of feeds

coefficient; protein evaluation: b.l.oenemetics; determj.nat:l.on

of essantial amino acid requirements. wsing radioisotope methnd:
ragearch. test diets for fishes and prawns: feed fomulation _
methoda; experimental deaign, ete. Methods of praparation of
microparticulate dlets, phytoplankton and zppp.l.apkton oylture '
methods, ete, are also locluded to facilj.taﬁe larval matrition
studies, . Hany of tha methods given in the manpual have been
standardized for fish and shellfish nutrition studies in India
and abroad. . The users can also gain maxi.mum beneflt by auit.able
modificationa of other methods which are given as guidel.tnas.

o I would like t.o thank all t;ne sclent:ific and technical
staff especlally Shrd s. Ahamed AlSL, pr. I{. Ala.qarsuauni,
Shri D.C,V. Easterson, Shri C.P, Goplnathan, Shri T. Jacob,
Shri M.S. Mathu, .Dr. R. Paul Raj, Dr. A.G. Fonniah and
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le. b. vedavyasa Rao who have rendered assistance during the
preparation of thi= manual. Thanks are also due to Shri Johnson,

Librarian and Shri Kambadkar, Technical Assistant, Central Marlne

risteries Research Institute, for the help rendered i:lythlu in
prioting this manual.

(E.¢, 3il&s)
Director, CMFRI,
Sub-Project Coordinator,
Ceantre of Advanced Studies in Mariculeupw
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CHAPTER 4

DETERMINATION OF VITAMINS IN FEEDS

1 INTRODUCTION

The vitamins, though required in small amounts in the
diet, play major roles in growth, physiolegy and metabolism of

the animal.

syndranes,

Their absence in the dlet causes major deficiency
Alse, the vitamins should be present in optimum

levels in the diet; any excess in certain vitamins in the diet
cauges pathologleal symptoms and inhlbit growth. ‘Therefore,
the detexmination of the amount of different vitamins present
in the diet is very important.

Z2 DETERMINATION OF VITAMIN A

2.1 Apparatus

(a)
{b)
()
d)
(e}

Saponification flask

Reflux condenser

Water bath

Separating funnel
Spectrophotometer or colorimeter

2.2 Reagents

(a}

{b)

Culoroform:

Wash 2 times with &n equal volumnes of water,
dry over anhydrous sodium sulfate, distill, and
store over anhydrous sodium sulfate,

antimony Trichloride Solutjion:

weigh an unopencd bottle of antlnoeny chloride
(25«30 g.), open it, and transfer to a glass-
stoppered, wide-mouthed, amber-coloured hottle

* prepared by Syed Ahamed All and R. Paul Raj, Central Marine
Fisneries Research Institute, Cochin=12. and Akio Kanazawa,
rrofesgor of Mutritional Chemistry, University of Kagoshima,

Japan,
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contalining 100 ml. of chloraoform. Rewaigh tha
opened bottle and obtaih welght of antimony
trichloride added to the chloroform by difference.
This solugion should be filtered 1; tucbia,

{e) .\lcomlj.c Potassium Hydmxid. Solution . (0.5 My:-

. Dissolve. about 35g; ‘of pouu:.\n hydrmd.de
.i.n 20 ml. of mat.er and #4a sl.l!ﬁ.ciem: aloohol to
maka 1&0 ml; of ‘loluuon.
{d) - Aquecus Poeass:l:un Hyﬂmﬁde 8o1.ut'.d.on (0.5 M}
{e) _Diethyl Et.her- . L
o ?reahl:r dﬂ.otined m: tod.tun hydmu:l.de pel.let.a.
(£) vitamin A’ standamda : L
' A chlorofom’ solut..lon mimnq 100 U.S.P. unite
~ ‘of vs.t-.amin A pel:‘ ml. This ia pﬂpar.d by d:l.mlvinq
T a #el.qhed munt. of d.lsmlod vimj.n A estérs in
‘ehlorofemm.

2.3 Procedure

Welgh. &n eméunt of fat ot oil ‘centaining at least 50 U.8.P.
Units into a Hponitication \'.J.ask. 434 the alcoholic potassium
hydroxide (10 ml.. per ‘gs ‘Of sample}; and attach to a reflux conden-
eer. 'Heat on & water bath for 30 min. Wash condenser with ml.
Of water. Cool, dilute with $0-100 i, of weter, and transfer to
a separatory funnel. Extract 4 times with 50-100 mi, of ethes,
Combine the ether extracts,. pour two 50 ml. poru.ons of watar
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. portions of water
until fres of alkall. Allow ether extract to stand 5 min..:
discard separated water, filter through 305 g. of anhydrous sodiws
sulfate, placed on filter paper in s funnel, intoc a 250 ml. f£lask.
Rinse the separatory funne) with small portions of ether and add
the rinses to the 250 ml, flask, Evaporate the sther to dryness
on a water bath, removing the flask fram direct heat toward emd
of the evaporation (viscous oily residue). Take up the residue
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inmediately in chloroform, adjusting the concantration to
5=15 U,.8,P. units per nl.

Transfer 2 ml. of chleroform to & colorimetar tube or
cuvetr and add § ml. of the antimony ctricnlorida reagant with
the ald of a fast delivery pipette and zerc the instrument
(Blank}). To another tubs or cuvet containing 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 absorbance resd with the lnstrument
set at 620 nu (A). The reading should be mede within =6 sec.
afeer the addition of the antimony trichloride solution. To
another tube or cuvet, #dd 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 cCalculation

A
U.8,P, units per ml » == X concentration of standard

unknown B=A (U.8.P. units/ml.)
£insl volumw
sample weight

vitamia A/g. ssiple = U.S5.P, units/ml. unknoewn X

If the unknown is colorsd, s blank correction is wade by
measuring the abaorbance at 620 mA of 1 ml. of unknown plus 10 ml.
of chloroform. -

3 DETERMINATION OF THIAMMINE

2.1 atus

{a) Steam bath

(b) Incubator (45~50°C)

{c) Glasa distillation apparatus
(d) PBuchner funnel

(e) Refrigerator

(£) Thicchrome tube

(g) Fluocrometer
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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 funnel with the .1d of suction, allow
to dry at 100"¢, and hottle.

{h) Enzyme Solutioh:

Pr<pare a fresh 6 percent agusous rolution
frem a sultable scurce of enzyme., Mylase.P,
polidase-S, Clarase, or Takadliastave are generally
suitakble. ’

(1) Standard Thiamine Stock Solution:

Transfer about 25 mg. of U.b.P. Thiamin
Hydrochloride Rafarence Standard, previously
dried at 105" for 2 hr, and accugrately weighcd,
tc a 1000-ml. volumetric flask. Diassolva the
welghed samples sn 30C ml. of dilute alcohol
solution {1 : 3), adjusted to a pH 3,5-4.3 with
dilyted hydrochlorxic acid, and dilute to volume
with the acidified dilute alcohol, Store in a
1ight resistant bottle in a refrigevator and
renew each month.

(i} sStandard Thiamine Solution:

Pipette a yvolume of rtardard Thiamine Stock
selution, egulvaleut to 100 Fe. of 1,85,P. Thia-
mine Hydrochlorida Refarence Standard, into a
100-ml. volumetric flask, anpd dilute with acid
potassium chloride solution 1o velume., Dilute
10 mi. of thia solation with acid potassium
chloride solution to %D ml, Bach ml. of the
resulting stancard preparation contains 0.2A1g.
uf thiamine hydrochloride.

(%) uinine Sulfate Stock Solutlon:

Dissclve D.025 of quinine sulfate (CpetingN,0, )2
H2504.2H20, in sufficient 0.05 M sulfurin acid ta
make 250 ml. Store in a da,k-hrown bottle at a
temperature below 5°C
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3.2 Reagents

{a)

(b}

{c)

{4}

{®)

(£

¢

Acid potassium Chloride Solution:

Disaolve 250 ¢. of notassium chloride in
sufficlent water to make 1000 ml., Add 8.5 ml.
of concentrated hydrochloric acid to the 1000 mk
of potassium chloride sclution.

Sodium Hydroxide Solution, 15 parcent:

Diasolve 15 g. of scdium hydroxide in
sufficieny water to make 100 ml.

pPotassium Perricyanida Solution, 1 parcent:

Diasclve 1 g. of potassium ferricyanide
(K Fa(CN) ) in sufficient water to make 100 ml.
Prepare frosh on the day of use.

oxidizing Reagent:

Dilutes 4.0 ml, of 1 parcent potassium
ferricyanide solution to 100 ml. with 15 percent
scdium hydroxide solution, The solution sust be
used within 4 hr,

Isobutyl Aleohol:

The Flucrescence of the ischutyl alcohol
ahould not axceed 10 parcent of the fluoreacance
of the gquinine standard (below). Redigtill in an
sll-glass apparatus and collect the fraction
boiling in the range 105*C-108%C.

Sodium Acetate Solution:
Frepare a 2 M solution of sodium acetate by

dissolving 275 g. of Ha 023302.3!120 in water and
dilate to 1000 ml,

Activated Zeolite:

Place 100-500 ¢. of 60 to S0-mesh zeolite
in a suitable beaker., 32tir continuously for
15 min. each with 4 portions of hot 3 percent
acetic acid, The acid ahoyld cover the matarial,
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(1) Quinine Sulfate Standdrd Solutiont

_ ' Diluke 10 ml. of stock qu.mino slface

solution to 1 litre with 0.1 N sulfuric aoid,

This solution is stable for three months if
gtored in a brown bottle at a temperaturs below
5*C. : : o
tmj Wmﬁol Gresn pH Indicator:

Disasolve 100 mg, of bromocrescl green with
7.2 ml. of 0.05 M spdlium hydroxide and dilute
with water to 200 ml.

. Procecure

3.4.1

3.4.2

Fraparation of the Extract:

Accurately weigh or pipette intc a flask of suitable
size 3 sample astimated to contain not more than 50mg.
of thimine. A3d 65 ml. of approximately 0.0% u_u;e;meb
acid and digest for 30 min. at 95°-100° on a steam bath,
with frequept 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 ensyma solution, mix,

and incubate at 45°-50°C fof, 2 hr. Make wWp to 200 Ml, by -
the additlon of water, mix thoroughly, and filter. Discard
the first 10 m). of filtrate .ﬁd{?ucﬂt resainder. :

Purification: b

plug the bottom of an adsorption oolmn?%chm
sube) and introduce an agqueous suspensicn of activated
zéolite to give a &6~cm, column, Allow the water to drain,
keep a small layer of liquid above surface of oclumn,
and pour in 100 ml. of 3 percent acetic acid. Allow to
arain as befora. ¢

Transfer 10 to 50 ml. of the original ox‘iz:_actf con~
caining about S o2 of thiamine, to the propa:qddlmatn- )
graphic tube. Wash the column with three 10-mi, portioras
of bolling hot water and discard washings.
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Eluate the thiamine £ram the zeclite by passing through
the colunn hot acid potassium chloride solution. Collect
eluate in a 25 ml. wvolumetric flask. *Add a second 10 ml.
aliquot whern all of the first portion has entered the
column and Collect the eluate as before. Cool and dilute
to volume with acid-potassium chloride aclution. This is
the “sample eluate". Repeat with an aliguot of the standard
thiamine solution using 5.0 pg. of thiamine in place of the
unknown.

oxidation to Thiochrome:

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 vessela. To
the first add quickly with mixing S ml. of the alkaline
potassium ferricyanide solutiony te the second, add 5 ml,
of 15 percent sodium hydroxide solution. Add 25 ml., of
water saturated lscbutyl alcohol and shake the tubes
vigorously for 1.5 min. Centrifuge the tubes at low
speed until clear 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 thiamine solution into
each of two reaction vessels. Treat these tubes in the
sane manner as directed for tubes containing the “"sample
eluate”.,

Caution:

To avold changes in experimental conditions the
oxidation of all solutions used in a given assay should
be carried out in lmnmediate succession. Similar precautions
must be taken in measurement of thelr fluorescence.
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344 Thiothrome Flucrescence Measurement:

Filter should have a narrow tranmittance range:’ input
£4)ter with maximum about 365 apm, and cutput filter - with
anciwm about. 435 np. . Use the quinine sulfate --w
solution to govern reproeduciblility of fluorameter, MORSURY
fluorescencs of the Lsobutyl alcohol axtract from the
oxidined sample eluate and call this resding A.  Next,
msasurs Elucrescence of the sxtract from sample sluate
which has boen trsated with 5 ml., of 15 pervent solium

. hydppiide solution and call th&:nad&pwb(onploblmm.

Measure flucresconce of the extract from the oxidised
thimine atandaxd sclution {8). Finally, measure fluorew
scanom of the extract of the thimmine standard solutlon
which has been treated with 5 ml. of 15 parcent sodixm
hydroxide and call this resding 4 (standard blank).

3.5 caioulasion

lem of thiamine hrdmchlori@t i (Arb)/{8-4)
b nl, sample sluate

4 DETERNINATION OF RIDOFLAVIN

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

4.1 jumapatus

(a8} Dessicator
-(b) Refrigeratar
(e) Autoclave
{4) Plucrometer

4.3 Reygents
(4} Sulfuric Acid Solution {0.05 M)
{b) Sodiwn Acetate (2,5 M}~

Dissolve 340 g. sodium acetate trihydrate and
dilute to 1 litre.
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{e) Potassium Permanganate¢, 4 parcent:
Prepare fresh dally.
{d) Hydrogen Beroxide, 3 percent:

bilute 3 percent hydrogan peroxide
{Superoxol) 1 : 10 with water.

{s)} Riboflavin Stock solutions
Ribaflavin Stock Solutlon I:

. Dry Riboflavin Reference Standard {U.S5,P.) cover
phosphorus pentoxide in dessicator for 24 hr. Diasolve
SO mg. in 0.02 M acetic acid io a 500 ml. volumetric
flask and make up to volume, Store under toluene
in an amber bottle and refrigerate. 1.0 ml. = 100 P
riboflavin.

Riboflavin Stock Solutdon II:

To 100 ml. of Riboflavin Stock Solution I add
0.02 M acetic acid solution to make 1 litre, Stors
under toluene in amber bottle and refrigerate,

l.0 ml, = 10 P riboflavin.

Riboflavin Stock Solution IXI:

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

4.3 procedure

Sodium Hydrosulfite:

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

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

0.0 - 0.8 5
0.8 - 2.0 4
200 - 4.0 2

Md 75 ml. of .05 M sulfuric acid, mix, and either
autoclave at 15 lb. for 30 min. or immerse flask in bolling
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water for 30 min. Shake flask every 5 min. and cool.
Add 5 m)l. of 2.5 M sodium acetate solution. Mix, Let
stand £6r 1 hr. Dilute mixture to volume 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. 7o each tube add,
with mixing, 0.5 ml., of 4.0 perceant potassium pPeiman~
ganate sclution. 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 solution.

Miust flucrameter 8o that glass standard or sodfum
fluorescein solution gives suitahle galvancaeter deflec-
tion as directed for the instrunent. . Detemine
tluorescerce of solutions A and B. Measure fluorescence
with no wore than 10 sec, of exposure in fluorometer.

To dilution B add, with mixing, 20 mg. sodium hydrosulfite
and detemmine blank fluorescence, C. (Do not uss reading
C after collojdal malfux’ begins to foxm).~

4.4 caloulation

Riboflavin mg./1b _ >C_R_V

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

where A = fluorometer reading of sample plna z‘ih_o:EJ,aV:l.n
standard, '

= fluorometer reading of sample plus water,

= fluorometer reading aftver addition of sodium
hydrosulfite, '

R = standard yiboflavin,
= original volume of samplce solution in ml..

- W1 = volume of sample asolution taken for measurement
ml., and '

& w sample weight in grains.,

Ty,

e
fn

o
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5 DETERMINATION OF VITAMIN €

5.1 A.0.A.C. METHOD

5.1.1-522“&:\1!

(a) Dessicator
(k) Refrigerstoy
(2) Pulvarizer

5.1.2 Reagents -

{a) Metaphosphoric acid-acetiz acid atabilizing extracting
solution)  Dissolve, with shaking, 15 ¢ glacial HPO,
pellets or freshly pulverized stick HPO, in 40 ml
cacetic acid apd 200 ml water; dilute to rca 500 md and
filter rapidly through fluted paper inte glass-
stoppered hottle, HPO, slowly changes to H PO,, but
if stored in a refpigorator this solutlon remains
satisfaqtory for 7=10 days.

(b} Ascorbic acid standard solution: Referenca ascorbic
acid ahould be kept cocl, dAry, and out of suniight.

{e) Indophencl standard solution: Dissolve 50 mg 2.6
dichloroindophenaol Na salt {Eastman No, 3463), that
has been atored in dessicatar over soda~lime, in
S0 ml Hy0 to which has bean 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 end point fndistinet oceour in some
batches of dry indophenol and also develops with time
in stock solution. Add 5 ml extracting soluticen
containing excess ascorbic acid to 15 ml dye reagent.
If reduced solution is not practically colorless,
discard, and prepars pew stock solution, If dry dye
is at fault, cbtain new specimen,
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Weigh accurately (0.l mg) Ca 100 my of the
reference standaxd ascorbic acid, transfer to 100 ml
glass-stoppered volumetric flask, and dilute maxrk with
the HPO,=HOAC reagent. Standardize indophenol aglnt&ou
at once as follows: Transfer three 2.0 ml aliquots of
the ascordic acid solution to sach of thres 50 ml
Erlemneyers flasks contalning 5.0 ml of the HPO,~HOA
reagent. Titrate rapidly with the indophwnol sclution
from 50 ml burette uptil light but distinct rose-pink
colour persists at least 3 sec, (Esch titration should
require ca 15 ml of the indophencl solution, and
titrations should check within (0.1 ml). Sisilarly
titrate 3 blanks composed of 7.0 ml of t-.h. HPO=HOMC

*  reagent plus volume H,0 ca equivaleat to volume indo-
phetiol solution used in direct titrations, After
substracting average hlanks (usually ca 0.1 nl) from
standardization titrations, calculate and express
eoncentration of indophenol solution &8 mg asdorbic
acid equivalent to 1.0 ml resgent, 3Standardize
indophanol solution daily with f£reshly preparsd
standard ascorbic acid solution. '

3.1.3 Preperstion of smpie and decerminetion

Prepare & juice frem sample as follows: Mix thoroughly «/
by shaking to insu~~ unifoxm swmple, and filter through
absorbent cotton or rapid paper. Prepare fresh juices by

‘preseing well-pulped fruit and filtering. DXpress juice

of citrus fruits by one of common devices used for aquessing
oranges or lemons, and filter. AGd aliquots of at least
100 ml prapared jummmlvolmnot the HPO,~HOM
reagent. Mix, and filter rapldly through rapld folded
paper (Eaton=-Dikeman No.195, 18,5 om, or equivalent).
Titrate 10 mi aligquots, and make blank deteminations for
corrections of titrations as described previcusly, using
proper volumee of acld reagent apd Hy0.o EXpress ascorbic
acid as mg/l00 ml original juice.
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5.2 ALTERMATE METHOD

5.2.1 Reagents _

{a) oOxalic Acid Solution, (.4 percent
{b) Stock Ascorbic Acid Solution:

Weigh accurately 100 mg. of the referance
standard ascorbic acid, transfar to a 100-ml.
volumetric flask, and dilute to mark with 0.4
percent oxalic acid solution.

(c) Ascorbic Acid Standard Solutions:

Transfer 5, 10, 15, 20, and 25 ml, of the
‘ stock ascorbic acid molution to each of a series
of 500=-ml. voluretric flasks, and dilute to the
mark with 0.4 parcent oxalic acid solution, These
solutions, numbered 1 to 5, contein 1, 2, 3., 4,
and § mg. of ascorbic acid per 100 ml.., respectively,

{d)} Indophenol Standard Solution:

Dissolve 12 mg. of 2,é«~dichlorophenolindo=
phenol in warm water, 'Filter and dilute to 1 liter
with water,

$.2,2 Preparation of Standard Curve

To four colorimater tubes add the following: 10 ml.
water {(W); 1 ml. of 0.4 percent oxalic acid {(¥No.l)r 1 mg.
of working standard No.l plug 9 ml. of water (S}s 1 ml.
of working atandard No,l {No.2), Transfer tubs W to a
colorimeter set at 520 mu and oot instrument at zero
on absorbance scale, To tube marked No.l add 2 ml. of
standard dye solution, mix, and record reading (Ly)
exactly 15 sec, after adding the dye solution. Then
adjust the fnstrunent to zero with tube S in the colori-
meter, To tube No.2 add 9 ml. of the standard dye
solution, mix, and record reading (Ly) exactly 15 sec,
after adding the dye solution, Treat each of the
standard solutions in the same manner and construct
stapdard curve by pletting absorbance of total dye
mimis that of the standard doluticns {1y - Lp) vs.
concentrations of the standard asclutions (mg./100 ml.)
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$.2+3 progedyre

Mend 50 g. of sample for 30 min. in a Waring Blender
with 350 ml. of O.4 percent oxalic acid solution and
filtex. Obtain Ly reading as described akove. To tube
8 odd 1 ml. filtrate plus 9 ml. water and adjusc instru-
mnt to searo. o tube Wo.Z add 1 wml. filtrate plus 9 ml.
of dys and recand L, reading after 13 sec. Calculate
l‘l - Ly and obtain che mtnt_lon of ascorbic acid
from thw standard curve.
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