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ABSTRACT

Prelimnary investigation was carricd sut to study the daily
conlinl Q)b e .

variation of ascorbic acidﬂpumpkin {Curcubita) using spectrophotometrie
methods, The total ascorbic acid content of the edible portion
remained constant while the amount of dehydroascorbic acid increased
markedly in three days, and the L- ascorbic acid content decreased
corré?pondingly. The seeds were found to contain more of the vitamin
than the edible portion, while the edible portion containted more
than the peeling. More work however is still reguired to establish
these results.

The effect of two types of feeds, the guinea corn and the commercial
Pfizer Livestock feed, on the weizht and ascorbic acid content of
the whole blood of the guinea fowl was studied. The total ascorbic
acid content remained constan% but there was an apparent increase
in weight of the birds fed on guinea corn over those fed with the
commercial livestock feed, This can be correlated, rather cautiously,
with observed higher ascorbic acid content in the guinea corn, Other

growth prometing factors will have to be investigeted to establish

more meaningful correlations.
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CHAPTIR T

INTRODUCTTION

Ascorbic acid has been known as cevitamic acid, the antiseerhutic
vitamin, hexurenic acid scorbutamin, and redoxon, Redoxon, because
of its structural relationship to reductone, the cnhol of hydroxymethyl-
glyoxal. It is commonly known as vitamin C, It is cne of the water
soluble vitamir@and its deficiency in the diet causes a diseased
condition known as scurvy,

Symptons of scurvy have been known quite as sarly as the feurtaenth
century and the fact that eversreens prevented scurvy has been

evidenced by the reportis of saileors notably Captain Lancaster and
Captain James Cook in those early days when man's smbition waz a
conguezt of the world through travel.(1)

During the deficiency stages defective intercellular material is
fbrmed in the collective tissue while in the bones, the @steoid ia
replaced by a collageneous material and in the teeth the dentin is
supplanted by a subgtitute substance called osteodentin. Further
impairment of the teeth couses lessions of thce gums which become
swollen and bleed and which eventually fall off. The anatomical
effects of human scurvy graduvally give risc %o weakness,vheumatic
pains in the leg, lessions, bleeding gums and hemorrhages. Patients
" may become pale, anaemic locking, and experience swellipg of the

ankles. The advanced form is accompanied by severgfragmentation and
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degeneration of the muscles, bloody tumors of eyes ~nd eyelids

discolouration 2nd lessions of the skin, feverycapillary weakness,

brawny haematomata in the thighs ond optic prolapae.

SOURCES AND USi OF ASCORBIC ACID R

‘ e

-

The neturnl vitamin is widely distributed in nnimels and plants

where it is probably in cquilibrium with dehydroascgorbic acid, It

- occurs in large amounts in the adrenal certcex, suprar:inal medulla,

eyelens and nbundantly in vegetables such as papariku, cabhage,
spinach, peas, tomatocs, turnips, beets, carrois,celery, lettuce
and in fruits such as grapefruit oranges, tangerines, straﬁberfies
peaphes, pineapple nnd apples. Fresh tea leaves sve o rich source
of ascorbic aeid and for practical purposes citrus fruitg gffe;_the
best source of the vitamin, . .;ﬁ; i;

In mammalion tigsues ascorbic acid has.a unique paffern.of
distribution. Summerwell and Sealock(z)have ghown that E?E?dlascorbic
acid dozs exist in the liver tissue, by the isolation ané.iduntification

of ascorbic astd from the bound froction. A method of determining

the amount of bound ascorhic acid was presented and it involved the
extraction of the ascorbic acid from the sample with 95% ethyl aleohol
and the liberation of the bound ascorbic acid by acid hydrolysis. O©Of
the sampl.s analysed 15 = 20% of the total ascorbic acid was ﬁresent
in the bound form. The gignificance of this bound ascorble acid is

not known but its existence as such may scryve to protect 4t against

»

depradation by liver enzym:is,



Several tissueé1ﬂave ascorbic acild concentrations several hﬁﬁdred
times that of plasma while a large number of tissues have concentrations
50 ~ 100 times the plasma level, | t

Sargent haos studied the normal distribution of asaorbic acid
between red cells and plasma of human blood and found that the following
relationship exists between ascorbic acid concentration of blood cells
or plasma A'p= 1-43A'c ~ 6.72 when the ascorbic acid concentration is
expressed as mg/100ml of blood, He also found that when the concentra=
tion is expressed in mg/100ml of‘géo, the relationship between Ac and
Ap is approximately Ap= Ae= 0,45 and that the ratio of the concentration
of ascorbic acid in the c¢ells to that in the plasma depends upon. the

concentration of nsecorbic acid in the whole dloed, This relationship

was found to be approximntely Ac: Ap = Awb + 0,28
Awb « 0,17 Vhere A is

expressed in mg/100ml of water,

I

Ac = Ascorbic acid in cells i.e. total (white + red)
Ap ® ascorbic acid in plasma

Aw ascorhicacid in whole blood,

The primary use of ascorbic acid is in the cure of scurvy, Nutri-
tionists feel that 60 = 100mg per day is needed by an’adult for
saturation of the tissnes!1) o

Apart from the antiscorbutic properties, asco¥bic acid is important
in the prevention of megaloblastic anemie of infancy, and may also be

useful in other types of macrocytic anaemia., Ascorbic acid in large

guantities increases the absorption of iron from the intestinal tract.
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The vitamin is necessary for the normal healing process and is often

administered in larger than normzl amounis following traums and infections.

SYNTHRSIS OF 4SCORBIC ACID

Apart from man, other primates’and the guinea pig,a’ll ot};er animals
have been known to synthesivze krascorbic acid. It hag also been known
that rats synthesize ascorbic acid, Horowitz, Deerschuk and King(h)
provided evidence that glucose was a prepursor of ascorbic aecid, through

radicactive tracer studies, They found that intraperitoneal

14

adminigtration of D-glucose-1-C * to chloretone stimulated rats

14

resulted in the urinary ‘excmretion of ascorbic acid containing C

chiefly in the 6-position, Horowitz and I{ing(s) also showed the route

. 1 aud X
to the conversion of glucosed=C L'“to ascorbic,in the albinc rat

retained the same amonnt of radicactivity in the 6-pogition. The

biesynthetic pathway was then formulated as
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f, ; Isﬁerwood, Chen,.Mapson(s) alse working on raté reported that the

"¢ administration of D-glucoroneclactone and I-gulonolactone produced

;;'”? an increage in the urinary execretion of [=ascorbic acid. Tracer studies
| further established the converaion of D—glucoronlagtone and I~
gulonolactone to L-ascorbic acid,

| In plantis however, it has been shown that the vitamin is
synthesized from D-glucosge by a fairly direet route. In this case

: D=glucoge~1-C#* ig converted to L-ascorbic acid labelled predominantly
K in the 6é-position and D~glucose~6C% is convertedfi—ascorbic acid

labelled in the 6H-position, Isherwoodetal(é) demonstrated that L=

gulonolactone and D-glucoronolactone are converied to IL-ascorbic acid

in erest seedlings, thus showing that reactions of he animal
biosynthetic pathway must alsc occur to certain extent in plants.
The commercial synthesis of ascorbic acid was first achieved
in 1936 when synthetic vitamin ¢ was produced in cyrstolline form.
ri51 It largely follows the Reichstein (L~ sorbose method)., This method
“:W appears to be the principal and most economically feasible process

starting from D-glucose,.
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1.3 PROPIRTI#S OF ASCORBIC ACID
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éﬂ QUTLINE ©F THE METARO L S m 2£ Ag corBic Acid,

Asco=bic acid has a molecular weight of 176 and its molecular formular
is 06 HB'OG' A look at the structural formular would reveal the presence
of a denolic function and this is responsible for ite oxidation-reductien
properties, 1t's redox potential Ko' is 0,166V at pH4 and temperature of
35°c.

It is soluble in water, methyl alcohol and ethyl alcohol, It is
insoluble in either, xylene, benzene, chloroform or petroleum ether, 1t
has a specific rotation of +23° in water at 20°C and 1-1;80 in methyl
alcohol at 23°C. The first acid dissociation constant pk, is 4.2 and
its pk2 is 11,6. 1t absorbs maximally at 265nm and shows a small band
between 350 and L00mm. and has melting point of 192°C.
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Dry crystals of ascorbic acid are stable on exposure to air and
daylight at ordinary room temperature for long periods of time. In
aqueous solutions bclow pH 7.6, ascorbic aicd is not oxidised on
exposure to alr unless traces of copper or ather materials that
catdyse the reaction are present, In the presence of air and suitable
catalyst ascerbic is readily exidised to dehydro aséorbic acid and
is fairly stable, Aibove pHL de¥hydroascorbic acid readily undergoes
an irreveraible rearvangement to biologically in active 2,3
diketoguloniec acid, |

Dehydro ascorbic acid has considerable antiscorbutic potency
because it is readily reduced to ascorbic aecid in the animal body
and i1t is one of the objectives of this project to find out the
amount of dehydreascorbic acid present in the pumpkin at the time of
harvesting and on subsequent days.

1.4 METHODS OF ANALYSIS FOR ASCORBIC ACID

€

Most of the chemical methods deseribed so far have utilized.the
redox properties of ascorbic acid, Hithertogbioassay mcethods have
been used and a reasonable hiocassay method hag beun attributed to
Sherman, Lamer and Campell(T) who determined the minimum quantity
of product required to proteect a guinen pig from scurvy. DBicagsays
are too expengive and they consume & lot of time and leave much to
be desired in ferms of frecision. Their advantage,however, iz that
they measure the summation of chemical entities that possess vitamin C

activity but execlude materiala deveid of vitamin ¢ activity,
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At present they are only used in comparative studies to establish the
gpecificity of chemical methods. |

i It would appear that the method of choice for any analysis depends
on the type of material to be asayed. It would depend on whether
ascorbic acid is being determined in fresh or frozen or dehydrated
fgods or pharmaceaticals,

The analysic of ascorbic acid and its derivatives may be divided
into two groups namely,the determination of the reduced form and that
of total ascorbic acid,

In the analysis for the reduced forms,the methods are based
upon the redocox properties of ascorbic acid, An acid extract of the
vitamin iz prepared and the reducing capacity of the extract is
measured by treatment with any of the following oxidising agents,

2, 6 dichloro phencl indophencl iedine, ferricyanide or methylene blue,

The use of the dye 2, © dichlorophenol indophenol has found
pxtensive use, 1t involves the titration of ascorbic acid in the
extract or vitamin source with a dilute solution of the dye, A pink
colour thet perzists for about 15 secs after the addition of one drop
of the indephencl reatent marks the end point of the titration. In
using this method it is assumed that ascorbic acid is the priincipal
if not the only substance in the acid extract that reduces the dye
at pH 1=}, In that case, the capacity of the extract to reduce the

dye is proportional to the ascorbic acid content.
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Interference in this procedure can be duefreducing substances like
phenols, sulphydryl compounds, thiosulphate, Fe(I1I), 5n (1I) and Cu(II)
‘iora. At pH values below L interference from phenols can be eliminated
as they do not reduce the dye, Correction is usually made for
sulphydryl compounds whose reduction of the dye is so slow,

Photometric methods which also involve the use of the dye 2,6
dichlorophenol indopehencl have been developed by Evelyn . , Malley
and Roaegaz Besseggz Mindline and But1e£1oz Loeffler and Pontin&11)
Hochberg, lMelnick, Oseizz) In each of the modifications)the basie
principle has been the measurement of the photometric density of a
solution of 2,6 dichlorophenol indophencl before and after adding
ascorbic acid solution, The decrease therefore in the absorbance of
the dye soluticn by the addition of ascorbic acid is then a measure
of the amount of ascorbic acid present.

The advantages which this modification claims over the visual
titration method are (a) the elimination of the inaccuracy due to
difficulties of judging the end point (b) interference due to turbidity
or colour in the unknown extract is overcome by adjusting the colorimeter
to compensate for absorption by extraneous materials and (c) correction
for those substances that reduce indophenol more slowly than ascorbic
acid is made by taking successively timed readings of the colorimeter
and extrapolat ingback to zeroc. By careful control of the 2pi at 3-5
with sodium acetate buffer the stability of the dye is assured and

interference due to non ascorbic acid reducing substances is eliminated,
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In an attempt to adopt the photometric indophenol technigue to
highly coloured or turbid extracts Stotz\'>)developed a method of
guantitative extraction of the unreduced 2,6 dichlorophenol indophenol
from ané aqueous soclution by xylene, in the analysis of bleod andurine.
Thisz is of particular advantage in the analysis of most vegetable
extracts which are colourcd, since these coloured substances are
water goluble and cannct pasg inte the xylene layer and in any case
correction can be made for any extraneous colour in the xylene layer.
Pepkowitz(1u)found the Stotz method betier because much greater
amounts of dye are reduced for any amount of ascorbic acid, thus
rroducing a greater defection of the galvanometer, in addition to the
fact that a simple correction can be made for extraneous colour such
as chlorophyl.and carctenoids which may enter the xyleRe layer. DBesides,
the dye need not be standardized or a calibretion curve be consiructed
and more dye can always be added, if the initial amount is not sufficient,
for the quantity of agcorbic acid contained in the aligqout taken, without
decreasing the accuracy of the method. He found the procedure applicable
to all plant materials whether fresh, frozen ordehydrated and suitable
for routine analysis as 60-70 determinations can be made in a working day,
In the final analysis, the value of the 2,6 dichlorophenol
indophencl reagent iz limited by the presence of reducing substances
such as TFe(II) sulphite, sulphydryl compounds, glucoseamine type of
compounds, reductic acid and reductones, Several otier procedures have

(15)

been devised to minimize the interference from these substances, Levy
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described a procedure which involved the treatment of the extract
with peroxide to eliminate interference from sulphite Fe(II or Sn(II).
Robinson and Stolz(16)have presented procedures which can be used to
eliminate interence from reductones and related compounds by the
addition of formaldehyde to the extract,
Macro and semimacro amounts of ascorbic acid have bcen determined

{
by iodanetric methods, Stevena‘17)

deseribed the estimation of ascorbic
acid in citrus juices., The important consideration w-s the specificity
of the reagent, since plant materials contain mary reducing substances
vhich may titrate along with ascorbic acid in the many titrimetric

me thods discussed above, Other factors which he considered were
standardization of the reagents employed,stability,ease and rapidity

of the titration procedure, sharpness of the end point, accuracy

and reproducibility of the results and extensive 'rcoutine testing
including the cost of the resgents, Accordingly,he felt that the
iodine method has several advantagesand its short comings eliminatedg
by adjusting the acidity of the titrating medium thereby lessening
interference of nonreducing vitamins and improving the end point,

The end peint can be improvedby employing a double-back titration by
adding excess lodine, then excess thiosulphate and titrating the

excess thiosulphate. At the onset)the excess iodine oxidises the

non vitemin reducing substances znd excess thiosulphate reacts with
excess iodine quickly and quantitatively. The excess thiosulphate is
back titrated with more iodine to the end peoint, This appears to be
suitable because in the presence of large amouhts of coloured substances
the end point can be better detected by the appea¥gnceof blue colour

rather than by its disappearangze,The effect of temperature was found not
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to be important within the range 18-30°C.

However, the shortcomings of the method become apparent in the
estimation of ascorbic acid in canned foods where the interference
of Fe(II) and 5n(II) will be encountered. Besidos, this method cannet
b used to determine dehydro ascorbic acid whose antiscorbiltic
potency is about that of ascorbic acid.

ﬁvered(18) described a macromcthod for the determination of
ascorbic neid in highly coloured solutions with N=bromosuccinimide.
The method describes a modification of the original N-bromosuccinimide
method in which excess lN-bromosuccinimide is detected by liberation
of iodine from potassuim iodide in acid solution and the formation
of blue colcur with starch, In this procedure tested with intemsely
pigmented moterial blackcurrant juice which has nn absorpftion maximum
2t 520nm, the liberated iodine can be conveniently detected by an
organic solvent when the ascorbic acid has been preferentially oxidised,
It has a distinet ~dvantage over the 2,6=dichlorophenol indophenol
visual or spectrophotometric because of the presence of pigments
especially those that absorb light at about the same wavelengflh os
2,6~dichlorophenol indophencl, In a modification of the indophenol
grocedure described an organic sovent can bc #MEed % trap the excess
dye during titration and hence indicating the c¢nd point, but if
mixing is inadfuate the dye may enter the organic phase without having
reacted with ascorbic acid in the aqueous layer, giving falsely low
results, .nother advantage of the reagent unlike 2,6 dichloroindophenol

is that it is unaffected by reductones, reductic acdd and Fe(II) salts.
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Lockuitatt il Luouy(19) deseribed a method for assaying ascorbic
acid also in black currant and other coloured fruit juices. The
quantitative reduction of mercu%ric chloride to mercurous chloride by
ascorbic acid investigated by Suryannrayana Rao etal(zo) was adapted
ag8 the basis for the estimation of ascorbic acid in fruit juices, The
method involved the separntion of insoluble mercurous chloride, by
centrifugation, d¥solved in standard iodine solution and the excess
titrated with sodium thiosulphate using starch as indicator. In an
anckysis of commercial samples of various fruit juices by the proposed
method and the potentiometric method of Liebman and hynus(21) results

obtained were in good agreement. Coad percentage recovery was

obtained when known amounts of ascorbic acid was added to 30m3of the syrup,.

Interferences from citric acid, glucose, and sucrose were

abuent, No interference waz observed when about 16 mg of sulphote,

five times the amount normally used ns preservative and Fe(1I) or
lead did not interfere. This method does notyhowever,take into

account,ef the presence of other substances that may be present in

old samples, which might reduce mercuric chloride,

Another type ¢f reaction described bySchmall utﬂl(22) reports the

use of diazonium salts fordetermination of ascorbic acid, They have

found the method highly specific for the determination of ascorbic acid

in the presence of dehydro ascorbic =ncid, even when present in quantities

twice that of ascorbic acid, and all other vitamins normally found in
pharmaceutical preparations, 1In the described procedurecyascorbic acid

is made to react with diazotised L.qoitoxy -2 niitroaniline to form an

adduct which gives an intense blue colour upon acdition of alkali,
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Because of the diemolic chavacter of ascorbic acid, the reaction was
found to be highly specific for this vitamin in the presence of all
other known vitamins, Reducing agents such 2s Fe(I1) Sn(IT1) as well

as sulphur dioxide did not interferec when present in gquantities
normally encountered. They reported 2 sensitivity which permits the
determination of quantities down to 0.5mg with a low limit of 10ulg/ml.
They also reported good precision with conventional methods.

Senello and ﬁrgoudelis(23) described the use of a fast technique
for the determination of ascorbic acid in the presence of other
vitamins notably Pyridoxine and nicotinamide, This was achieved by
converting the vitamins to BSA(NO-bis(trimethy (setyl) acetamide
derivative using phenanthrene as an internal standard, In the reports
two brands of vitamin capsules were purchased and their nicotimamide,
Pyridoxine and ascorbic acid contents determined using the 2,6 dichloro-
phenol indophenol technique.They reported comparable results with
the GLC method ~nd the GLC method was considereably faster, It appears,
however,that this method is limited to pharmaceuticals,

Recently 5tooko§2b) reported a sensitive method for the deter—
mination of Iron(Il) using ferrozine= 3(2- Pyridyl) 5, 6 bis(l pherphkt
sulphonic acid 1,2,L triazinc disoduim sa)i, to form a stablc chelate.
Jaselkis ei al (25) adapted this to the determination of ascorbic acid

in ci trus fruits. In this procedure Iron(I1II) is added to the sample
and a coloured chelate complex formed between Fe(Il), the redox

akter
preduct and Ferrozine and the absorbance measured at 562 n s 2-3 mins,



In order to avoid interferense due to hydwoxy aoidg like eiilrio emd
tartaric acids aluminium is added, The aluminium forms chelates with
the acids thus leaving Iron{III) available for the reaction

These workers alsc reported absence of interference from gucrose,
glucose, manncse and formaldehyde, The presence of oxalic acid in
amounts as high as 10 times the Fe(ITI) concentration did not produce .
any interference, neither did phosphate interfene at amounts 100 times,.
However>Co(Il), cu(I1), Hc(IT) form chelates with ferrozine and
therefore a large excess of the ferrozine was used. In samples which
eontain Fe{II} the workers suggested the removal by cation exchange
resin before analysing the eluent for ascorbie acid.

The basis of another group of versatile methods for the deter-=
mination of ascorbic acid is the reaction of certain derivatives .
of ascorbic acid with 2,l}, dinitrophenyl hydrazine, Roe and Kueiher(zé)
first developed this method for the determination of ascorbic acid in
whole blood and urine. After extraction the sample 1s oxidised by one
of a variety of oxidising agents notably dbromine and norit to form
dehydroascorbie acid or its transformation product which is coupled te
form an inscluble red osazone. In the method first reportedzﬁoe and
Kuether(27), the dehydroagcorbic acld osazone is meparated by centrifuga=~
tion and washed before treatment with BS% sulphurie acid to produce a
reddish coloured product which absorbs maximally at 500 = 550nm and 350C-
380nm, In the procedure described,the ascorbic acid in blood or urine
is extracted with trichloroacetic acid and oxidised with norit. The norit

filterate iz treated with 2,L, dinitrophenylhydrazine
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end thiourea for 3 hrs ot 37°C. Thiourca wae found necedsery to
producc? anildly reducing medium ag oxidieing agents like Fe(Il; and
Héog produce an interfering colour with 2,},, dinitrophenylhydrazine,

The accurﬁcy and preeision of the method was excellent as shown
by recovery experiments, The colour prepared from bleood filterate
was gquite stable and showed no change in forty minutes.and had a maximum
fadiny of 2,25 in the galweanomether in 18 hrs on standing in an open tube.

A mechanism for the reaction was postulated.. It was concluded that
the refpreduct obtaincd was a new compound for the simple reasons
that the 2,L4dinitreophenylhydrazine deyivative of dehydroascorbic acid
in aleohol glacial acetic acid and dilute sulphurid acid are brown
in ecolowr, When the concé%ration of sulphuric acid is raised from
60-85% a decp red colour is formed, On the addtion of excess water,
a brownich ecompound having the same appearinceand absorption
spectrum as the original derivative was formed. It wag concluded
that the mechaniam is dehydration and the reaction Beversible because
on the addition of 85% sulphuric acid a red solution was obtained,
© " Roe and 0sterling(28) adapted this method to the determination
dk dehydroascorbic acid in the presence of ascorbic acid in plant
materials, The steps were cssentially the same except for the omission
of treatment of the acid extroct with norit or any other oxidising
agent., In comparing the resultd obtained in this method with that
of the indophenol method as modified by Bessey(g) thoy found that
the Bessey method is only reliable for the estimation of asecorbic acid
in most plant tissues while the 2,4 dinitrophenyl hydr&zine method is

satisfactory for the determinaticuﬁimth ascorbic acid and dehydroascorbic acida.
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In a further application 6f the Roe and Kuether method, Roe g_t__g.;L(zQ)
determined diketo gulonic zcid, dehydroascorbic acid and ascorbic agid
. in the same plant tissue extract, Their appreach involved three steps,
""" the first step consisting of the determination of the sum of the three
compounds after oxidation while the second step compriscd the
determination of dehydroasworbic acid and diketoguloBic zcid, The
third step consists of the determination of diketogulonic acid alone
| after the £eduction of dehydroascorbic acid. Hydrogen sulphide and
Atannous chloride were used as the reducing agents. Schaffert and Kingsley
- (30) carried out an investigation of the Roe and Xuether total ascorbic
acid method with a wiew to shorten the three hour incubation period
and to improve the specificity of the measurement of Imascorbic acid
in the presence of diketogulonic acid, This method will be discussed
in full in a later section of this work as it was the method adeopted,
They obtained excellent results by shortening the incubetion perioed
s for fruits, vegetables and urine to 10 mins and five minutes for
i" bloed, Resulis of several analysis with both the modified and the
original Roe and Kuether methed compared very wellle The accuracy was
also confirmed by recovery experiments,
The application of the Hoe and Kucther method for the analysis
o% materials which have a low ascorbic acid potency eg. chicken feeds
hove not met with congiderable success bocausw of the fact that the
}? © Telative conc%&r&tion of interforing substances might be quite high.
Modifications which involve separation of intefering substances Wy
¢olumn chromatography or thin layer chromatography or both have been : .

(31)

reported,
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CHAPTER 2

ANALYSTS OF ASCORBIC ACID CONTENT OF PUMPKIN (CURCUBITASEP)

2.1 AIM and SCOPK:= The aim of this project is to determine the ascorbie

acid contentof some local materials. From the foregoing account, it
would appear that techniques and methods for determining ascorbic acid
have been adequately well developed, and a number of workers have
applied some of these for determining ascorbic acid content of some
local materials. Oyenuga(Bz) has analysed for the mineral and vitamin
content of many tropical foods and feeding stuffe including cassava,
pawpaw, groundnut sceds, cocoyam cte, In his own work Oke(33)
determined the ascorbic acid content of some Nigerian foodstuffs
notably yam, yamflour, plantain before and after cooking to determine
the extent of loss of the vitamin due to the method of preparation,

He also determined the ascorbic acid content of Nigerian vegetables(3h)
and reported that they dzgﬂiich sources of ascorbic acid but the
method of their preparation into gauces - may result in much of this
vitamin being destroyed. This project has thus undertaken to carry
dut some prelimnery work on ascorbic acid content of the species

of pumpkin available in this part of the country, The pumpkin
gerves as food in some ports of the Northern states of Nigeria.

One fruit of the pumpkin is not normally consumed in a mealf by an

average sized family usually ~bout six and thus the interest in studying

the variation in the ascorbic acid content of the pumpkin for a period
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of one week, One weeck was chosen because most of the loczl population
do not have stowegefacilitiss and an average sized pumpkin abowt two
kilogrammes or more in weight normally dtarts to decay at the end of
seven days at roomtemperature,

In some parts of the northern states, the seeds are not included
in the diet. It is the intention of this projecl to analyse the
total ascorbic acid content of the seeds and sce how it compared with
the content of the generally nccepted edible portion comprising the
yellow fluffy portion minus the greenish ycllow peeling which is alse
thrown away especially if the pumpkin is fully zipen, An analysis of
the peeling would serve to give anindication of the gradient of
ascorbic acid content in the three portions namely the peeling, the
yellowfluffy portion and the seeds,

Part of the programme (although this bhe not done) was to
study the relationship, if any between the state of maturity or
ripeness of the pumpking and the ascorbic acid content in an attempt
to ¢stablish 2 corglation between age and the vitamin C content,

It was also thought that the leaves could be analysed for the
ascorbic acid since some¢ parts of the north depend on it as a source

of vegetable for sauces,.




2,2 Materials and Methods

The determinaetion of ascorbic aoid and debydreascorbic acid wap
done by the method of Schaffert and Kingsley.{30> In this method, the
agcorbic acid is oxidised to dehydroescorbic acid, The dehyroascorbic
acid is coupled with 2,L dinitrophenly hydrazine and incubated at a
temperature of 100°¢ for the coupling reaction to reach completion,
The reaction reacheg completion in 10 minutes. The insoluble red
coloured osazone formed i disaclved in B5% sulphuric acid and the

transmittance of the complex is measured at a wavelength of 515nm,
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iguipment

Mettler balance

Top loading balance

2 @eighing; bottles
Waterbath at 100%

15 volumetric flasks (100cm3}

2 volumetric flacks {500cm3)

3 volumetric flaskse (1000cm3)

1 volumetric flask (2000cm’)

2 Teakers ZOOOcm3

2 testube racks with 8 openings
Test tubes
fannels
Erlenmeyer flasks
1 burrette graduated to 0.1cm3
Assorted volumetric pipettles 1,2,5,10,20,25cm3
Filter paper Whatman Mo Lz, 12.5cm diameter
Hausch and Lomb gpectronic 20
Medicine dropper
Buchner fumnel Tem diameter

Buchner flask 50(}cm3
Kenwood VPG (Woking)ltd.

llavant (i‘ants) blender [odel A956A.,
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Reagents
(1) Metaphosphoric acii sticks (Laboratory reagent (TDI)
(2) Glacial acetic acid (Analal TDH)

A Y metaphosphoric acid - 10Y acetic acid solution was prepared
by dissolving 50 grams of the metaphosphoric acid in about SOOch of
disptilled water, 100mi of glacial acetic acid was added and made up
to 1OOOcm3 with distilled wate. in a volumetric flask,

This solution was stored in the refrigargtor and a fresh solution
preparved weekly,
(3] Thiourea (lLaborstery Reagent N.h.H.) 10¢) w/v solution of this reagent

3

was nade by d ssolvirg 10 grams 1n 500cn” of absolute ethanol in a
100em voluretric flask and dilutin: to the mark with distilled water.

(4) Concentrated Sulphvric Acid {AnalaR DN.). Specific gravity 1.8

A }.5M solutiorn was prepared by adding 300cm3 of the concentrated aeid

to 900cm3 of distilled water, 05% v,/v Sulphmric acid was also prepared
3

by adding 900cm® of the acid to 100cm> of distilled water.

(5) 2,4 dinitrophenyl hydrazine (AnalaR, B.D.H.) & 2% w/v solution was

made by dissolving 2 srams ol the reagent in .50 HZSOL and diluting
to the 100cm3 mark in a velumetric flask.

’6) Hydrochloric Acid (Laboratory Chemicals, 11 & 3) Specific gravity

1.180. 10” vv solution was prepared by adding li6hem> of the acid to
distilled water i a beaker anl colled., On cocling 1t was transferred

-
to a 2000cm” volumetric flask and made up to the mark with distilled water.




.

(3) Acid - vashed Norit 200 grams of charcoal was put in a large flask

and one cubic decimetre of 10% hydrochloric acid was added. The
mixture was heated to boiling and then filtered with suction pump.
The cake of norit was removed and put in a large beaker. 'The mixture
was stirred with one cubic decimetre of distilled water anu then
filtered., The process was repeated until the {illerate was free from
Fe(111)igons,

(8)(a( L - ascorbic Acid (Analak E.D.H.)

(i) ,xperimental

(a) Preparation of Calibration Curve

The calibration curve was prepared with the sane reagents and

instrumert that were used in the armalysis. The method was described

by ﬂerBS)

100 mg of ascorbic acid reagent was dissolved in 100cm3 of 5%
me taphosphoric acid - 10 acetic acid mixture and made up to the
mark in a volumetrie flask with the samne acid solution. 'The solution

was then oxidised by addins 1 gram of norit per b'OcmJ of gsolution and

3

shaken for aboul two minutes., 10em” of the oxidised soluiion was then

3

made up te 500em” in a volumetric flask with the acetic acid =
metaphosphoric acid solution. 1 cmj of zolution contained 20 ug of
dehydroascorbic acid,

A series of standard solutions were made by pipetting 5,10,20,30,50
3

ana 60c1:13 of the diluted solution into 100cm” flasks. "The final concentra=—

tion of dehydroascorbic acid in the flasks were then 1,2,4,6,8,10, and
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3

12 micrograms per cm” of solution.

hcm3 each of the standsrd solutions wes placéd in three test tubes,
One of the tubes served as a blank. 1cm3 of 2% 3i dinitrophenyl-
hydrazine was odded to two of the tubes followed by addition of one
drop 10% thiourea to the three tubes., The tubes were incubated at a
temperature of 100°C for ten minutes. .t th: end ol the ten minutes,
the tubes were placed in a large beaker of ice water containing
generoug quantities of ice blocks, 5cm3 of £5% sulphuric ncid was
added slowly to all the threc tubes, a process thnt was accomplished
within one¢ minute for each tube. 1cm3 of 2,L dimitrophenyldrazine
solution was ndded to the blank tube. The thre¢ test tubes were shaken
while still in the ice water, to ensure thorough mixing. The complex
formed were then transferrcd to matchced colorimeter tubes, The tubes

werc left on the rack for ten minutes,

(b) Measurement of colour

The Bausch and Lomb Spectronic 20 was switched on at least thirty
minutes before the measurcments werc made to cnsure thot the instrument
was stabilized, A wopelensth of 515nm was sclected and the instrument
set to O transmittance, Vith the blank tube in place, the instrumet
was set to read 100¥ tronsmittaonec., 7The percent transmittance of the
standard solutions wer: then read. A plot of percent transmittance
ageinst concentration of dehydroascorbie acid in microgroms per 0m3
was constructed on semilogarithmic paper. The curve is shown in figure 1.

The transmittance data for the seven standard concentrotions ore

tabulated in appendix 1.
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(ii) Determinations

(n) Ixtrection
In order to extract the ascorbic acid into solution, several
extracting agents are recommended, Oxalic =cid, mctaphosphoric acid
trichloracctic ncid, acetic acid are among the cxtracting agents used,
Ponting(Bs) studied the stability of ascorbic acid in extracts prepared
from plant tissucs by thirteen different acids, Oxalic acid and
m.taphosphoric ncid werc found to bo for superior to other =2cids and
about aqual in their capacity to preserve ascorbic acid, Metaphosphoric
acid, nlthough for more expensive thon oxalic aci@,ia a protein precipitont
and thus hrs afﬂﬁivarsal applicability than oxalic acid, It is also
preffered to oxalic acid becouse of its effectiveness in protecting
ascorbic acid ngrinst c~talytic oxidation by iron. In this investigation,
o mixture of metaphosphoric acid and acctie z2cid was used because
ascorbic acid is not oxidised guantitatively by norit unless the
extracting solution contains acctic or trichloroacctic acid, which
are preferentinlly adsorbed on the Norit, eluting sctive oxygun
in quantitics that are sufficient for rapid oxidation.(3?)
A representative somple of the tissue was weighed carefully and
macerated in a ¥enwood blender for sbout three minutes. Through out
the work, between itwenty and 1’.&.&.\:-11;;,““"7¢ grems of the sample wos blended
in the presence of 900cm3 of the extrocting agents, for the edible

portion.
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This asswred adilution rntio of not luss thon 1;30.(38) .slthough smaller

weights were taken in the case of the seeds znd pe«lings, the volume of
extracting rgent uscd, was calculated zecordingly to give o dilution ratio
within the limits stated above,

4t the end of the extraction, »né aliquot of the cxtract was shaken
vigorously with Morit, about 1gram per 50cm® of cxtract, and then filtered
through a fluted Whatman No 4,2 filter paper,

(b)Treatment of filterate hcm3 each of the filterate were placed in three

test tubes and treated exactly in the sane way as described in sections
(i(2)) and i(b)) of this chapter,

Three porallel determinntions were run from each extraet for 2ll
portions of the pumpkin anaclysed., For each cnalysie not more than twenty
seven test tubes were run simultanciously,

The above proccdure refurs to the determination of total ascorbic
acid, The steps arc essentially the same for the determinntion of
dehydronscorbic acid cxcept for the omission of treatins the extract

with norit,
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In the second method the instrument constant K was calculated with
the aid of the data obtained for the calibration curve (appendix1)

and the Beer-lambert equation (ii)

2 = log T = gcl (ii)
where

™ transmitiance

1 = path length

extinction coefficient

If K is €1,
therefore equation(ii) becomes
J - 10&',‘ T = KC.lnooo.o'oo.(iii)

K=2«~logT
C

-....t.{iv]

with (iv), ¥ is calculated for cach standard solution, the values
of which are shown in appendix TII,

Substituting for ¥ and T in (iv) the concentration C in ug per
cm3 can be¢ calculated for all the unknown samples. This valuc is then
substituted in equation(i) to obtain the anount of ascorbic acid in
mg/100g in the sample,

Results of both methods we.e in good agreement,

(d) Identification of the Pumpkins The photographs of the pumpkin were

[
taken and later identified as follows by EgharevbaaBg)
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L2

cimen Bolanical name

Curcubita moschata

-

Curcubita melo=pepo

Curcubita maxima (squash gourd)

o o w

Curcubita pcpo (vegetable marrow)

Beninecasa cerifera var ovifoera,

&

Prelimnary determinations were carricd out on specimens /4,B,C,
while spceimens D and 0 were used for the actual work., Analysis
was gtarted on both specimens on the dav they were harvested,

The results for A, B and C are tabulated in jippendix III,IV and V



oLate A

C-urcu‘nit a moschata



Curcubita melo ~-bepo



C-urmbita MAavima
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2.3 Results and Discussion

The results in tables [ =V represent the values of total ascorbic
acid and dehydrosscorbic acid in the two species of pumpkin studied.
The difference of these two values gives the amount of L - ascorbic

acid ot the time of analysis, Bach value represents a mean of three

doterminntions on the same slurry. The triplicate values were in good
agreement,

The reliability of the results can be discussed from the point of
view of (2) specificity of the method (b) presence of interfering
substances and (c¢) aceuracy of the method as determined by recovery
experiments. These are discussed in the next chapter.

Table I shows that the total ascorbic acid content remaingd
constant whilc the amount of dehydroascorbic acid inerecaseq from
37.6%4 on the first day of analysis to 66,9 on the third day, Similar
trends were also observed in Toble 111 where the total ascorbic acid
remairgd fairly constant and the dehydroascorbic acid vnlues increased
from 38,3 to GL.7% on the third day. In both cases the Leascorbic
ecid Walues decreases markedly until the third day. The fact that the
amount of dehydroascorbic acid on the first day of analysis are guite
close in both species is significant but more work is still reguired
to be able to establish any correlation betw:en specie$and the ls

ascorbic acid or dehydroascorbic acid content,

b
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The results of the total ascorbic acid for specimen D agree with

(:0)

literature values where a range of 6 = 15mz "100:, for analysis of
sixteen snmples of the same specieg was reported.

Tables 11 and IV show the mecan values for the total ascorbic acid,
dehydroascorbic acid a2s well as the lszscorbic acid contentiihe seeds in
both species of the pumpking, When both tables are compared with the
correassponding tables of volues for the edible portion, it is found that
the sceds contain morc of the antiscorbutic mzterial than the edible portion,

Comparing the mezn valucs of the peeling shown in table ¥ with the
Lrascorbic acid value shown in the first horizontal line of Table 111,
it would appear that the edible portion contains more of the L=-ascorbic
acid than the peeling, although there is no significant difference in
the values for the total aacorbic acid content.

CONCLUSIUN anlthough the values obtzined represent n foir nmount of
ascorbic =2cid in th. «dible portion and ~ high amount in thce seeds,
th¢ results rcpresent the leascorbic ~cid and dehydroascorbic acid
content in the row stote, L substantizl amount of ascorbic neid might
be lost as a wesult of cooking.(y'*) The offect of cooking on the
amount of the vitamin in the pumpiin wns not investigated,

It can be said that analysis wns corricd oul on one somple of
each speciegf however, it appears that the total nscorbic aciu content
of the edible: portion remzins constant while the amounts of dehydro-
ascorbic ncid increases rapidly in threc days. Turing this period
also the leascorbic acid content decrenses, This docs not affect
the ontiscorbutic poteney of the pwnpkin since dehydroascorbic ceid

L1)

has about the same potency ns lL=nscorbic wcid.(
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The values for both the totnl ond dehydroascorbic acid content may well
include diketogulonic acid., Th: determinition of cach of the three
components of vitamin C was not carried out,

Suggestions for futher work:

More analysis is still required in terms of both number of samples
and individurl specig§to establish the variation in the lenscorbic
acid content outlined nbove, s 2 fellow up, further work can be done
to study the relationship between state of maturity and the vitamin C
content within the same specie$e Since the pumpkin is a scasonnl crop,
it would z2lso be interesting to study the variation of the ascorbic
acid content with se~son, This will have to be an extended investigotion
a8 the purpkin is most zbundant during the rainsylMay to September of
erch year, The ascorbic ocid content of the lenves can also be analysed

since it is used as a2 source of vegetable for souges.
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TLBLE 1
Variation in the daily asoorbic ac¢id content of the edible portion
of Pumpkin U (Curcubita pepo}.
(8.) P scovroit
Da. Potal asinla) Dehydro sk . Dehydro 4sA 100 PSSty
J mg/100g me/100g Total he/100g
18t B 1T 5oh 37.8 8.9
2nad 13.8 7.5 Sl Eal
3rd 15.4 10,3 6649 1 ose
Lith 13,2 6.0 145.1 7.3
# Total asA = Total iscorbiec acid
Dehydro isA = Dehydro Ascorbie .icid,
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Analysis of /scorbic Acid in the seeds of Pumpkin D (Curcubita pepo).

- 5 Favrbic Aca
bDetermination an}fi}r}ma?( = Uch,{:—;?ﬂ:’i?l(a} FWP
) TS
18t 2l .9 10,2 T T
2nd 2346 10.6 13,0
3r 26,8 12,8 14,0
uth 2o T 13.8 10.9
Ifean 25.0 1.9 ;5
R S -

" Total

r

.8/, = Total ascorbic acid

b s - .
pehydro sk = vehydroascorbic acid,
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Variation in the daily ascorbic acid content of the edible portion

of Pumpkin !} (Benincasa cerifera vor ovifera)

(Q) (q) awubﬂkﬂ_

Day Total nsi‘™ Dehydro ..8.\" Dehydro 48: 100 R

mg/100g mg/100g Total mg/100g

) " L]

1st 18.3 T.0 38.3 11,3
2nd 17.6 6.9 39.2 10.7
Ird 18,1 942 50.8 8.9
Lth 18.6 12,1 6.7 6.5

» Total isi

Dehydro AsA

I

Potal . scorbie ..cid

Dehydroascorbic acid,
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TL2LE 1Y

;; Analysis of the ascorbic scid content of the seeds of pumpkin E

i

* {Benincnsa cerifera var ovifera)

i) M-Fa ' i AaatTr Lifew
Determination otal s Nehydro s Differance
| ms/100z } mg/100g ng/100g

t |

ot st 23.7 10.5 13.2
2nd 24,0 15.3 8,9
3rd 19,1 9.8 9.3

Mean 22,3 1.9 10,5
i aTotal Asf, = Total ascorbic acid
’ " Dehydroe (si = lehydroascorbic acid.
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T4BLE ¥
*‘ 'z'snalysis of the ascorbic acid content of the peelings (2mm thick)
of pumpkin I (Benincesa cerifcra var o¥ifera),
(a) (a) Ast.bi‘bit. H‘—U:L :
Determination Total fan TNehydro i8:i bffgrance
mg/100g mg/ 1008 ng/100g
Y |18t 18.6 9“,? 809
P_nd 15,0 7.9 71
o 3rd 18,1 10,8 743
¥
Hesn 17,2 9.5 7.7
% motal 4sh = Total ascorbic ..cid
_ Dehydro fAsA = Dehydroascorbic acid,




CHAPTER 3

ANALYSTS O” ASCORBIC ACID CONT.NY OF THE BLOOD Of GUIDMA FOWL

ATM AFD BACVROURD':= The aim of this invectigstion is to compare the

effect on weisht and whole blood ascorbic acid content of the guinea
fowl fed on a commercial feed and a2 local feed,

1t has been generally w«ccepted that birds synthegize their own
ascorbic acid and as such many feedsmanufacturers have not been
including the vitamin in their preparations. ZAnalyses of the vitamin C
content of a commercial livestock growers mash from Pfizer and also
the ascorbic acid contemt of the guinea cern bought from Samaru market,
on which local poultry farmers depend as a source of food for their
livestock, were made,

Hart, Ttenbock “'alpin and Lepkovsky(hg}found out in their work
that scurvy does not develop in chicks fed ration of grains and heated
skimmiliz, presumably free or at least verylow in vitamin C content,
Howevery their livers contained a lot of vilamin C 28 guinea pigs
were cured of scurvy when fed witn liver of these chicks at a level
of 3 grams daily. They obtained, similar results when the ration
consisted of purified food materials - dextrin, casein salts ' etc.
Their conclusion was as f-llows “Apparently the chicken like the rat
does not need vitamin C preformed in the diet in the same sense as
tices the guinea pig but its presence in large amounts in the livers

of chickens even on synthetic diets, indicates that it plays some role



in 1%8 petabolism, ‘hether the chicken synthesizes this vitamin from
aninactive precursor or som: other o.ganic complex cainot at present
be stated,

Caxrick and Hauge(uj)gave as much as EOcm3 of egz white or 150m3
of yolk daily and fourd that it did not cure or prevent the occurrence
of scurvy in guinea pigs being fed with diets which were deficient
in the antiscorbatic vitamin. Chicks howeve¥ grew normally on scorbutic
rations and the livers and ..idneys contained abundant supplies of the
antiscorbfic substance, They thus interpreted this to indicate that
the chick requires antiscorbgtic vitamin within its own bouy,

During the course of 1950=51 Auatralian National ‘ntartic
Research pixpedition to Macquarié Island, a study wes mede of levels
of ascorbic 2cid in the plasma of members of the expedition, At the
sametime the oppurtunity wes taken of determining the ascorbic acid
levels in plasma of a number of birds =nd memmels from the island,

Kalnenas(nh}fbund that the bLirds have approximately, twice the
ascorbic acid of mammals including man, Tt was concluded that probably
the higher plasma ascorbic acid levels of birds is rel-ted to the
higher metabolism of avian tissues compared with those of nammals,
beczuse a2scorbic acid is an indispensable hydrogen corrier in the
metabolism of animnls,

Despite these claims one still feels that other additives to the
diet might contain enough ascorbic acid to cater for the metabolic

need and dictary need, if any, of birds,
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Recent resecrch emphasis has beon te monitor the changes in
ascorbic acid levels in certein tissues ahd organs 2o an indicator
of response to some hind of pat.ologiczl stress.

Bell, Satterficld, Cook(u's) in an cxperiment to ascertain the
influence of injected ascorbic aid, on the ascorbic acid content
of blood, egxs, facces and certain organs of layine hens, observed that
heng fed with zscorbic acid free dict developed a musculnr weckness
and loss of action of one or both leps, iseppetence. Jomnodkenoe
inanition vith loss of weight, definite frecal changes and depression
of the reproductive system. There was dramotic recovery of the hens
on injection of ascorbic 2c¢id. Their egy production also inercased,
These observations gnve the indiceation that certain adverse conditions
of nutritional and or pothological stress mey cause tie need for an
externnl source of vitamin C by chickens,

Priggs, buck, llvchjem and Hnrt(39) investigated the growth
promoting nctivity of =scorbic acid when ndded to certain highly
purified chick rations and veporte! increased growth in chicks when
ascorbic acid was 2dded to purified dicts. They arrived at the
conclusion that the vitamin mey not be synthesized fast enoush by the
chicks on highly purified ration, such as has been used in their
experiments, to give moximum rate of growth, Frowm the data it was
difficult to determine just how 2scorbic zcid stirulated srowth of
ghicks nnd they postulated that it might act by means of a true

vitamin mechanisot,
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A second possibility they considerod wrs thoat ascorbic aeid
stimulates growth by an indirect action. That is, it may act to
clter the conditions within the intestinal tract causing n more
effective utilization of neccossary nutricnts .r causing greater
synthesis of unimown vitamins by intestinal organisms,

It w.s not sos.1ible that ascorbic ncid was acting as a detoxifying
azent beenuse cven when amounts of solubnlized liver or any of the cry-
stallinc vitemin werc doubled the growth rate w.s not suppressed,

The salubdlized liver supplied the vitomin B(EJ Vitanin B, and folic
acid which are lacking in the Wwsol ration used,

March and Bicly(hq} also investignted the effect of ascorbic
acidé on the growth rate of chicks, Chicks were given dicts of
natural ingredients, adequate or low in folic z2eid, with or without
added nscorbic ncid, BSome chicks were given antibiotics or - p -
aminobenzoic 2cid or bnth., They found that when the basal diet was
low in folic 2cid, ascorbic zcid increassd growt::, though to a less
extent tion folic acid. It appeared that the growth stimulcting
effect of nscorbic acid depended on the compositicn of the diet.

When the diet contzined no added fat or wh'n herring oil wes included

a slight response to ascorbic nocid was obséfred. On the other hand,

there w=s greater responsc when cotton seed 0il w2s included. Penicillin
when added to diets adequate or low in folic acid incrensed srowth.

A combination of penicillin, }y@rdnobenzoic acid and ascorbic acid either
separately or together was founu to hove stimuiated growth more than

any of the supplements alone,
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When on 2 diet which wus conéiderad to be adequate, aureomycin was
added, alone or with P—a.nﬁnobenzoic acid, there wag no inerease in
growth rrte, but when aurcomycin was given with ascoridic acid growth
was glightly but congistently increased,

Ascorbic scid reductions in blood and other tissuss have been
reported in meny animals infected with protozon. Sstterfield,
Moseley, Gonger, Holmes, Tripp(ha) attempted to correlate avion diseases
with ascorbic acid eontent of the blooed. They reported ne consitent
variction in the asecorbic acid contenl of blood plasma, either to
typce of disesse, nutrvition, age, or sex from that of similar birds
not so afflicted. ) ‘

(L3.)

Hill and Garren reported that plasmo nscorbic acid valucs of

chicks with fowl typhoid dropped from ! .56ug/ml to 1.7ug/ml and that

supplementation of the diet with 0.71% ascorbic mcid resulted in

increased plasma ascorbic acid levoels,thrsugh ot the experimental period.
Joasephson, Taylor, Grecnbersg, Na,dr;-l(so)in their study of ascorbic

acid content of the adrenal glands of chicks infected with plasmoduim

gallinaceum, reported no change in the adrensal vitamin C content of

the infuected chickens, However, Chulley(51)in his investigotion of

the effeet of ceenl coccidionis infections and experimentzl haemorrhage

upon the adrinal ascorbic acid levels in the chickon reported a marked

change in the adrensl ascorbic acid content of srowing chickens during

the ccurse of Bimeria tdiella infeetion. ie reported a slight ont

statiscally significant decrease on the third d-y of infection followed
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by 2 pronounced increase reaching a mazimum at the ¢nd of the fifth day.
Approvinated 1o
Then he observed o decreasing trend which Beemed tho controls towsrds
the eighth day, lfox:ever,this obscrvation of olcvation of adrenal
ascorbic acid durihg the period of maximum stress was uncxpescted in
the light of previous observation, of depletion as o characteristic
response to stress in mammals and a gencrel l-ch of response which has
been found in birds zs reported Ly Josephsson qj_}!fs’)
The observation that experimental haemorrh & brings about adrenal
ascorbic acid alevation indicates that the obscrved chapges in infected
birds may b. due to blocd loss and not necessarily duc to toxic
effects of the parrsite ond that hemorrhnge may not be an appropiate
non spucific stress. Tt is possible thet e blood loss or one of its
attendant effecte namcly snoxia, hemodilutﬁ.q. hemopoetic stimulation
has a specific cffect upon adrenal ascorbic acid metabolism, which
appears not to be the case with the rot where there is typicel adrenal
ascorbic meid depletion in response to massive hemorrhngv.Lang(Sz)
It wvould appear therefore that the net ganin in ascorbic acid
observed may be due to repletion occurring sirmultancously and at a
greater rate than the usual stress induced depletion, If this was the
caae’then it could be conecluded that ascorbic acid was playing a

fundamentally identical role in situations wherc either depletion or

nclevation is the net effect of stress,
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praviously {lushed with 10¥ potassuim oxalate aolution.(ﬁh) This
flushing was done to prevent the clothing of the blood in the needlde
during the process of withdrawing the blood sample.

Treatment of blood sample

The 2em3 of blood samples in the syringes were immediatel ) emptied

3 of &{ trichloroacetic acid

into 50cm3 mrlenmeyer flasks containing 10cm
which was used as the extracting agent. Trichloroacctic acid in addition
to being an extracting agergis also 2 protein precipitant, The

flasks wetshaken vigorously ard left for five minutes for extraction

to take place, sApproximately O, g of norit was added to each flask and
shaken for about one nminute, The mixture was then filtered through

a fluted 12,5cm whatman Nol;2 filter paper,

Development of Colour, Jcm3 of the fil'rates obtained above were withdrawn

into each of iwo tubes, (me test tube served as a blank. {em3 2% 2,4
dinitrophenyl hydrazine was added to the gample test tubes and a drop
of 10.. thiourea was added to both ihe blank and the sample test tubes,
The sample tubes including the blank were then incubated at a terperature
of 100°C for five minutes exactly. ALt the end of this time all the tubes
were placed in ice water contain.ne generovs quantities of ice, Scm3
of 89% sulphuric acid wa¥added slowly to each tube fros a 500m3
burette and 1cm3 of the 2, l; dinitrophenylhydrazine was added to the
blank tubes, Finally,all the test tubes were removed from the icebath

after thorough shaking and left on 'he rack for 10 minutes, Defore
the transmittance values were read at a wavelength of 515nm, the osazone

formed were transferred to matched colorimeter tubes.
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One colorimeter tub was used for the blank while anotier wes used for
the samples throughout the period of the analysis,

The anzlysis was earricd out simultancously fozr all ithe samples,
that is ten smnples were anclysed d~ily. “"he amoun: of ascorbic acid
was then read off from ihe calibration curve previously preparad,

Calculations

In calculzting the total ascorbic acid con'ent of' the blood per

100cm3 two methods were zdopted. Mirstly, amoun: of ascorbic acid per

3

em” was reat off from the ealibration curve and then substituted in

the following equation:

----- (iii)
1000 X volume of sample
Secondly, the instrument constant ¥ was calculatc with the aid of
the data obtained for standayd solutions of arcorbic zcid 2nd the Begr -
Lambert equation(ii)
The instrument constant K takes into account the path length of
the colorimeter tubes, the particular instrument usecd, the extinction
coefficient ana the reagents used. ) o
Appendix i
"he values for the instrument constantare tabulated in Ve

The results obtained from these two methods were in good agreement.
(b) .F®RDS o

the ascorbic acid contents ol the loecal guinca corn from & maru

mariet and the commercial #roweis mach concentrate we:e determine by
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the N=bromosuccinimide method of J;veredg 18) This method depends on the oxida~

tion of ascorbic acid by Nebromosuweccinimide, The agcorbic acid selution is
titrated with N-bromoguccinimide and the excess K~bromosuccinimide is detected

oy the liberation of iodine from petassuim iodide ilo an upper organic layer,

O=c¢
é_q—l CHiCo QO = O—l

o o e
fo- & ( -+ NEy ——> -]
H -—(i'! —_— / 0:?
CizCo J
I.fﬁ'c" H rc ”__ ?
{ P - —
- [ wakrn dQ Ho H’
CH;_OH M-byomo§uc ’
g Ch, oM
L_q_g(ufb:'(_ acld M L —aswvlic
_ J‘f‘rﬂ-‘
Qo
Nguipment and Apparatus -+ p
1. 100em’ volumetric flasks ""’HZ_ C,\O
2. 25 x 150mm test tubes oYy
3. Assorted pipettes / t Hbr.
i 100m3 microburette CH{E?: a
5., Test tube racks Sum‘nim‘. de

6. Tilter papers Whatman No 1 25,0cm diameter.
Reagentsa

1 N=bromosuccinimides- Laboratory Reayent, EOH A stock solution of this reagent
was prepared by drsgolying 200mg of the reagent in warm water, codling and
diluting to 1000m§ '"The solution was stored in the refrigerater for two days.
Before the stock solution was used, it was diluted ‘Icm3 to *I()Ocm3 with water.

3

One cm” of this selution is approximately equivalent to 0,02m: of ascorbie acid,
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3.

5.
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otandard .socrbie .‘;cid:-(,.nala.l? B,0,7,) . fresh solution of this
3

was prepared by dissolving 200mg in 100cm” of 1)v’y acetic acid.

Clacial icetic ijecid:= (‘nalail TEDWM.) 1 v v solution preparzd by

diluting 10cm° of the acid w th distilled water in a 1000cs-volumetric flask.

Potassiun lodidq(inalaR, Bolollok= & 19 w'v solution wis prepared My
dissolving Lgrams in water and ma ing up to the mark in a 1(}Dcm3
volunetrie flask,

Diethylether (.nalak P.D.7,)

Sampling:-~ 1In order to obtain a representative sample of the feed
in a whole beg of the _eomercial livestock feed, the quartering tecunigue
was azpplied. The contents of a whole bag were poured on a large cloth,
in this case a torn empty bag, and mixed by rolling. One corner of the
cloth was pulled over the top of the material in the first instance
and then the process was repeated with the other corner. 's a result
of thisy the matetial was worked up to the centre, These processes
were repeated until thoroughmixing wos atiained, The oile of material
was then flattened and divided into cuzarters, Two opposite quarters
were discarded and tlie remaining two were mixed by rolling on the cloth,
The quartering and mixing processes were repeated until the nuantity of
the materisl was recduced to 2 small size. A smzll amount of the material

was then weighed for analysis.
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Por the guinea eorn, the final guantityobtained after quarteringang
mixing was ground to fine powcler':inga pestle and mortar before a small
amount was weighed for analysis,

Procedures- Two determinations were carriecd out for each of Lhe feeds,
In each case about S5grams of the material obtained from the sampling

3

technique was trznsferred into a 100em” volumetric flask with 19wv’v
@queous acetic acid and ddluted to the mark with the same reagent, The
mixture was shaken in a mechanical agitatorfor 30 minutes to extract
the ascorbic acid into the solution, and then filtered through a fluted
Whatman No 1 filter paper.

501113 of the extract was transferred to a 25 x 150mm test tube,
3 3

1em” of the glacial acetic acid and Sea” of the potassium iodide

solution were added with mixing after each addition, 3cm3 of diethylether
was added and the mixture titrated with N-bromosuccinimide solution

added from a 1Ocm3 microburette. The test tube was shakened vigorously
after each addition of the titramt and the orcanic solvent layer

allowed to separate, The end point was indicated by the first appearance
of the brown colour of liberated iodine in the upper eher layer. In order
to establish the end point, comparison against an untitrated *dunmy"
mixiture was made. The titration was done in triplicate,
3

Another titration, a blank was carried out using Scm” of water, The
blank titration gave the volume of Nebromosuccinimide solution necessary

to impartgdefinite brown colour to the -ether layer,
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The N-bromosuceinimide was standardized using the same procedure

by titrating against 5cm3 aliquots of the standard ascorbic acid ‘solution,

ABBREVIATIONS
jnalaR =~ Analytical Reagent,
2.D.H. = British Drug Houses,laboratory Chericals Division,

M&B = lay and Baker,
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Although liter=ture values glving the normal range!of e ither
the total or reduced ascorbic acid content of the blood of the
guinea fowl are not immediately available, the reliability of the
results in Tables VII and VIII can be evaluated from the point of
view of (a) the specificity of the method (b the presence of
interfering subatances (c) accuracy of the method as determined by
recovery experiments,
SFLCIFICTY Roe and Kuether(26) have demonstrated the specificity of
the method by anslysing the bleood and urine of guinea pigs with
ecute scurvy., They obtained whele blood walues ranging from 0.0hmg to
0.73mg per 1OOcm3 and urine valuws of 1,0 10 3.0mg per cubic’
decimetre. In one urine sample, which they cellected post mortem
from the bladder of a guinea pig, that died of scurvy, completely
Degative values were obtained, They argued that in as much as
complete disappearance of vitamin C may not be expected from red
cells, white cells and platelets of the blood or from the urine of
guinea pigs at the onset of acute symptons of scurvy, their findings
could be interpreted as good wvidence of the specificity of the method,

Interferences Substances likely to interfers in the determination of

ascorbic acid content of whole blood are pyruviec acid and acetoacetic
acid as they readily counle with 24l dinitrophenylhvdrazine. Theirx
derivativesjhoweveg o not react with sulphuric acid under the

conditions of the experiment and besides gulphuric msecid solutiong of
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these derivatives do not absorb at the 540nm region in which the colour
obtained with the ascorbic acid derivative is read. Roe and Fuether(26)
have also shown the absorption spectra of sulphuric acid solutions

of derivatives of ventoses, hexoses and glucoronic acid which are

also likely to be present in .he blood. They concludedthat the
concentration at which these substances yield interference are

greater than those found in blood and urine filterates used, The
possibility of interference therefore becomes less likely in whole
blood filterates of dilution 1:6 adopted in this project when compared
with 1:l; used by Hoe and his worker,

Recovery Ixperiments:-  Although the accuracy and precision of the

method as evaluated by recovery experiments was not carried out,

(26) obtained recoveries ranging from 96 to 104 percent,

Roe and ¥uether
showing that the precision of the methnd is excellent., In an
analysis compri ing ten determinations from the same filterate, by

(26), the mean value obtained wes 0.7mg per 1OOcm3,

Loe and Kuether
the standard deviation was £0,01 and the probable maximum error of
a single determination was % 0,007 and the «aximum deviation was
0.0Lng per 100cm3.

1t could be argued that the above discussion cannot apply
(30)

because the Schalfert and Xingsley modification was adopted,
However, there is no difference in terms of reagents except for

the fact that the incubation period was (10 minutes) shorter but

at a higher temperature of 100°¢ when compared with 37°C and three hours

adopted by ltoe and Kuethor(?é)
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In fact a comparison of the modified method with the method of 7oe and
Ku&ther(zs) was carricd out on whole blood by Schaffert and ringsley(Bo)
and they reported good agﬁ?mcnt by the twe methods,.
The results for the analysis of the feeds are tabulated in
Table V1. The results indicate that the guinea corn contains more
ascorbic acid than the Pfizer lLivestock feeds, In this analysis,
two separate determinations comprising three titrations each were
exrried out by the N~bromosucecinimide method of ;verﬁd(162 The
standard deviation of the titrwevalues in cach set of triplicate
titrations, in th¢ analysis of the muinca corn, was 0.0Jcml. while
the standard deviation for ihc titree values, in the nalysis of the

3

Pfizer Livestock feeds was 0.020::13 and 0,01cm” for the first and

second determinaticng, The accuracy ond precision of the method
has 21so been verified by rocovery experiments’ where ivered(18)
abtained 100 percent recovery o ascorbic acid added to black-—
currant juices.

A careful study of Tabl-s VII and VI1I reveals that it is
difficult to say ‘n what way each type of feed has contributed to
the ascorbic acid content of the whole blood of the guinea fowls in
each of the two groups, as the analysis show a fairly constant value
of total vitamin C content,

Tables IX and X show the weekly weishts of the birds in both

groups, The first colurn of each table shows the initial weight of

the birds. 1In both tables the differences in weight are not gignificant
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enough to justify that there is either an increase or decrease
in weight of the birds. It appears that the birds appear fully
grown and cannot grow further. Comparing Tables VII, VIII, IX and X
it is difficult to correlate the weight charges with the ascorbic
acid content of the whole blood., Howeversit appears that there is
an increase in the averase wieght of the hirds ed on the guinea corn
over the averase weights of the birds fed on the Pfizer livestock
feeds, This could as well be correlated with iLhe presence of observed
higher content of ascorbic acid in the guinea corn when compared
with the Pfizer feeds. MMore work is require! to establish any
possible correlation,
Conclusion From the available evidence the total ascorvic acid in the
blood cculd be said to represent the tissue concentration, since
ascorbic acid is water soluble, Tt is,however,possible anc likely
that some tissues may contain higher concentration than is found in
the blood, It is difficult to corclude from this investigation that
this concentration level is a result of direct intake from the feeds
or through symthesis of the vitamin by the bird. However, since
there is little difference in the total ascorbic acid content as
shown in tables VII and VI1I one could conclude rather cautiously
that the bird synthesizes its own ascorbic acid to maintain its
concentration level requirement., On Lhe cther handyit could be
argued that the amount f ascorhic acid present in the feeds are
too low, one would have to accept the claim that birds do synthesize
vitauin € to meet their requirements, since no symptons of scurvy

vere observed in the birds through out the experimental period,
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The observailion that there 1s a slight increase in average
weight of the birds fed on guinea corn over thoze fed on the
commerceial feed, should be agitributed to the higher ascorbic acid
content of the former, with soms caution until other growth promoting
facters are fully investigated and taken into account, K
It should be noted that the value of the vitamin C obtained

for the guinesa corn represents that wzed in this experimed as there

15 no available information =s to when it was harvested. This value

will definitely bedifferent, if it were analysed fresh, |
This investigation has further confirmed the claim that_commﬁrcial

, i

livestock fueds have a low vitamin C content, co

Co

Sugcestions for furthoer work

Although it has been established and reported in literature
|
Co
that birds s nthesize their own ascorbic acid, it isstill necessary

to mscertain that the guinea fowl does, and as such more specific

investigrtions arec regquired. One of such investigations could be

to analyse for the antiscorbutic vitawin in various tlssues of

4

guinea fowl fed on scorbutic diets, Any of the tissucs that contain

the vitamin con then be used to study its effect on scuxvy patients,

o Once this fact is conculsively proved, a wmore precise velationship
. intake .

between dietrsry of ascorbic ncid and tissue store cen be carried oyt

by increasing th- quantity of the vitamin in the diet and monitorir

it by analyegis of either the whole blood or the liver. ,

|

Younger birds can be @Bed to obtain more precise information about

and -
the effect of added vitamin in diets on rate of growth&egﬁ production,
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TLBLE VI

ssocrbic ..cid Content of Guinea Corn mnd Livestock Feeds in mg/100g.

No, of ..nnlysis |' ..scorbic ncid content , ~8corbic acid conkent
of guwinz2 varn ,2/100g of pfizir feceds in mg/100g
1st 6,29 = 0,36 L.6i, + 0.33
2nd C.32 1+ 0,19 4,01 3 0.32

Mean 5.81 . Le33




TABLE VII

3

Total Ascorbic acid mg per 100cm™ of blood analysed over a period of six weeks.
These birds were fed on the guinea corn,

Identification s NO

ISSRNSociog SR O OO PRNPRRRS: SUNN P e L e e T

1 2.9 |~ BB6 | =133 - - I, -Nn.8) - _.m; - |2,0

M Nlm Ulhf - Ntw = .g N.U Ml.ﬂ - Noo - N-A = Alm -y

- —— e e ..IJ — . e u —— -

W L.-W Nnu - e U.Ul. N anm = ._-W - 4|W - .__nw
= ] R . " - _
L 2.0 | 4.8 = | = [3.7]- - |2.2] = l2.4] -[2.1 = 12k ﬁ
- _r I_.
5 2.5 | 34l = [2.7]- |3.1 2. |- |24 - |2.3- m.&- |
6 3,0 | = |4t |340- 2.8 2.8 |- |3.0 - | 2.3l - 2.7l - |
A I.l._.lu.l!n_.n.ll |m .l..i.l.lﬁl'll.l.ll.
-N ulo e Ul.n _'-l WIO..I bnad N-u - Mlm s me - a.mu '

m MIJ N.w - ...Uulo ) Ni‘w N!A - Mlc i N.A - 4.0 -
w N.u o N-w a.m s NIO Num i NUU - k‘.Ibm_-m - Mtu - m

.—O M-m - Ulu - Whu - - A..w.m - N.r_‘ - N-hf b .u.l4

* MEAN 2.5 | 3.4 3.k |2,5 3.3 2.6 2.5 [2.1 |2.7/2.1 | 2.3} 2.1 m.m_ma

* Second column represents the mean values for 10 birds
Subsequent columns represent the mean values for 5 birds
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Total Ascorbic acid in mg 100 om

Idvestock feeds for 6 weeks,

3

TABLE VIII

of whole bloed in guinea fowls fed on the Pfizer

Identification WEEK | NO.
Mark 1 2 __8 [ 6
]
1 3 [3.9 )= 119 | - |26 ]2 |~ f20| - Jas |- |as |-
._N | No N. - - g Moo - i u- - Ao - .—. - .—.
4 6 ‘ ulﬂ_ - 5 3 5
._u N.a - M.-m M.a * - N-_r. 4-m " N-.__ - ._-W - —M-O -
14 2.6 - 3.2 2.9 - 2.5 | 2.1 - 2,1 - 2.3 - 1.5 | -
AW Nlm - u.u N‘A _ - N.k N.o - J!m - Jow s Nnm -
fn o e . & ——— - a..— - - ...-I..a....ut._. ol.ill..l..T._lll e I e e R Lﬁll«i: - i r-ol‘-l.o - L
16 2,3 | - ! u.mﬁ - 3.4 | = - 2.4 - 2.1 - 2.0 - 2.7
_ll:.lu.u..l.l..ll.......l.!in - ......_.no..o“.uil. — ] — - -...llT..u...!.w.‘t._..o.,T‘I_‘-I!.I-.l -........rn!.i_.l.li..ll-
.—-N N-r. hr_-u e - Mag - - M-_k. - — Jom -, N.Q L] M-M !
PR ——— o . Bt s 0 N B S o DI:D.IIL!-I.-!40|.|0I - - l....ll;vl.:..lill.d.. - ——— ..IIJTIIII.I -lrn.l.l.l.J
Am Nob. P-N - " ] N-‘N L - ._ an - N.O_ - ! Mc._ - N..r.
L e S SeE— - —— e B S W [ . “ |m
19 2.4 | - m.i 3.3 - 3.2 121 n 2,0 = _m.o - 12,1 ] = L
..l_r..l.ll..b.l.l.ll. —— - -
20 0 6 - | - 2. - - 2.9 - 2.0 - T - %
) 30 | 36 - | 6 |- 9 g - | 2.3 |
* UEAN | 2.6 [ 3.7 31| 2.5 | 2.5 [ 2.6 2.0 | 2.312.0 1.8[1.9 [ 1.82.2 | 2.2
H . i1 R i

* Second column represents mean for 10 birds
Subsequent ¢olunns represent mean for 5 birds.
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Weekly weights  gr-ms) of birds fed on Guinea Corn for five weeks,

Ei:?f}i‘ WEEY NUMBER
Tark 1 ' 2 ' 3 : L 'I 5
1 1550 1550 1500 1500 1475
2 1325 1275 1300 1250 1300
3 1600 1625 1700 1700 1725
L 1575 1600 1600 1600 1600
5 1500 1475 1450 1450 w75
6 1425 1425 1425 1425 14,00
T 1475 1475 1450 1500 1500
8 14,50 1450 1425 1400 1400
9 1700 1700 1725 1750 1700
10 1650 1650 1650 1675 1700
Mean .1525 1523 1523 1525 1528
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Weekly weight in grems of birds foed on Pfizer Livestock fecds.

Identification WE®EK NUYBAR
Mark 1 2 3 L 5
11 1625 1525 1600 1525 1525
12 1350 1400 1450 1325 1325
13 1550 1525 1400 1325 1250
14 1700 1725 1725 1675 1650
15 1450 1428 1450 1400 1,25
16 1450 14,00 1450 1350 1400
17 1625 1500 1550 1375 14,00
18 1375 1375 1450 1400 1500
19 1550 1475 1500 1400 1375
20 20 1450 1L75 1525 1425 1400
Mean 1512 1483 1510 1420 1273
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e of Transmittance values for standard concentrations of ascorbic
acid in hcm3 of 5% mctaphosphoric scid 10% acctic acid mixture at

515mn using 2 Beusch and lomb Spectronic 20 colorimier,

l EZHEE?Z;%tion (1)Transmittance(2) Mean
B 83.0 85,5 8Ly, 3

z : 7949 79.9 79.9
h: 70.0 70.2 7041

6 60,0 60,1 60,1

8 51.0 49.9 50.5

10 Li.5 L7.0 45.8

12 39.9 39,0 3945




Instrument constent values for seven standard solutions of
ageorbic acid in 5% metaphosphoric acid=10 acetic acid mixture using

a Bausch and Lomb Spectroni020 at 515nm,

Conceniration in micrograms ) »
per cmB GF AieBIbhie nasa Instrument constant K
1 0.07
2 0.05 !
L 0.04
6 0.0y |
8 0,04
w 0.03
12 0,03
i
Mean 0.0L H
N

# Instrumcnt constal K takes into account the path length of the
colorimeter tubes, the particular instrumet, the extinction coefficient

and the reagents,



APPENDIX 1II

RESULTS FOR TOTaL /ASCORBIC ACID CONTENT OF SPECIMEN A

(Curcubita moschata),

Mo of determinations Total Ascorbic fcid mg/100g
10ml dilution Sml dilution| Mean

1 13.0 13.7 13.4
2 14.6 13.9 142
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RESULTS VOR THis TOTAL ASCORBIC LACLD AND DEHYDROASCORBIC ACID

CONTENT OF SPWCIMEN B {Curcubita melo-pepo)

No of determinations | Toital Ascorbie Acid Dehydroascorbic icid
mz/100g ne/100g
1 9.36 9.09
2 9.63 8.56
3 9.89 8.56
4 9.36 8,82
Mean 9.56 8.76




APPEEDIX ¥

|
(I
I RESULTS FPOR THx TOTAL AGCORAIC ACID «~MD DYHYDROASCORBIC .CID

CONTENT OF SPRCIMEN :¢ (Curcubita maxima)

f
No of determinations Totel Ascorbic acid Dehydroascorbic Acid
mg/100g mg/100g
- . 1 ?.6 5‘8 '
2 _ 6.9 5oy
3 6.5 £.1
Mean - 7,00 5.l




fan

o transmittonce values for standard concentrations of ascorbic acid

3

in 3em” of &% trichloroacetic acid soluticn at 515nm using o Bausch and

Lomb specironic 20 colorimetoer,

Poncentration ¥ transmittance Mean
fin ug/cm3 , 5 i
_rl_ ] 0

1. .1 88 87.9 88,0

2 . 81.0 81.5 1.3

6 el es 61,5 61.5

g " 50,1 50,1 50,4

10 i . .. k.5 43.0 41.8

12 ' 36,0 37.0 36.5
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Instrument constant values for seven standard solutions of
ascorbic acid using a Bausch and Lomb Spectronic 20 colorimeter at

515nm.

1 5, . v

:Concentratlon in ciroprams
,fper cm of escorbic acid

L]

Instrument constant K¥*

- -
-

1 0.06
2 C.05
i 0.0l
6 0.0l
8 0,04
10 0,04
12 0.0L
Mean 0.k

#Instrument constant ¥ takes into account the path length of the
colorimeter tubes, the particular instrument, the extinction coefficient

and the reagents,



