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ABSTRACT

The effects of nalarial infection and cecal coccidiosis
upon the total ascorbic acid of the whole bl ood of young
chickens and guinea fows were studied using colorinetric
and mcrofluorinetic techniques. In both cases there
appeared to be slight increases in the blood ascorbic acid
| evel . The significance of the findings are discussed in

relation to the results of other studies.

The influence of different diets (guinea corn, mllet,
mai ze and phi zer livestock feed) upon the wei ght and bl ood
asoorbic acid |l evel of guinea fows was al so investi gat ed.
Wiile there appeared to be no definite trend with the
ascorbic acid |level, the nmagnitudes of the increase in
wei ght caused by the diets were found to be in the follow ng

order: -

Mllet > Pfizer coomercial feed > Miize > Qinea corn.



CBJECTI VE OF THE PROJECT

The aimof this work is to investigate the effects
of sone pathol ogical stress and different diets on the
grow h, and vitamn C content of the blood of sone avian
speci es. These avai an species include: chickens and gui nea
fows. The pathol ogical stresses are nmalarial infection

I nduced by the nalarial parasites Pl asnodi um galli naceum

and cecal coccidiosis infection obtained fromtwo coccidi a

parasites: Eneria Tenella and E neria Acervul ni a.

Sone investigations on the ascrobic acid contents of
the various tissues and organs of avi an speci es have
i ndicated quite a nunber of interesting things: for exanple,
the vitamn was found to play an inportant role in the
netabolic activities of some organs of avian species,
yet these species can do without an external source of the
vitamn. For exanple, the work of Lepkovsky et al revealed
that young chickens fed on vitamn C free diets devel op
no scwivy yet they contained a lot of the vitamn in their
liver. However, an investigation carried out by Bell et al (?
it was reported that birds fed with vitamn C free di et
devel oped nuscul ar weakness, |oss of action of one |leg or

both | egs, inappetence, |oss of weight, definite faecal



changes and even a depression in reproductive system
But when ascorbic acid was injected in such birds, there
was a dramatic recovery, including increased egg production.
They concl uded that under certain nutritional conditions
and pat hol ogi cal stress birds may require an external
source of the vitamn. Qher works that reveal ed the need
for the vitamn in pronoting growth include the works of
Bri ggset all® and March et al (¥

A fall inthe level of the vitamn C of bl ood and
ot her tissues have been reported in many aninals infected
with protozoa. Many attenpts were nmade to correl ate avi an
di seases with ascrobic acid | evel of the blood. An exanple
of this was the work carried out by Moel ey et ai ® They
reported no consistent variation in the vitamn C content
of the blood plasma either to the type of disease, nutritiong
age or sex fromthat of simlar birds not affected. Cher
attenpts have rather unexpected results. Josephson et al(®
reported no change in the ascorbic acid | evel of the adrenal
gl ands of chicks infected with Pl asnodi um gal |l i naceum but
a marked change was observed by Chal | ey!” when he changed

the parasite to E tenella.

In the present work, the malarial infection was applied
to young guinea fows and the coccidiosis to young chi ckens.
The effects of these on the blood ascrobic acid |evels were

exam ned.
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CHAPTER ONE
INTRODUCT ION

Ascorbic Acid, also known as vitamic C, is the vitamin
whose abscnce gives rise to scurvy. This disease, so common
among sailors at one time, is characterised by a tendency to
bleeding, with, among other things, pathological changes in
teeth and gums., In guinea pigs, in which experimental scurvy
can be induced by a diet lacking in the vitamin, the joints
become enlarged and painful. It is for this reason that the
vitamin is also called anti-scorbutic factor. Other names
include :- cervitamic acid; hexorunic acid; redoxon;
L-threo=3-keto hexonic acid-eno-lactone; L~threo-2,3,4,5,6~
pentahydroxy-Z—hexene—?fFlactonc and  L=3-ketothreo-

hexuronic acid lactone (8)

151 0 5] 0 bic d

Vitamin C is distributed rather widely in nature.
Important dietary sources include many vegetables and fruits.
Brocolli, Kaleparsley and turnip-greens have high content of
the vitamin., However, it should be noted that considerable

losses of the vitamin are incurred during the processes of
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cooking. Fruits such as oranges, straw barries, pear, apples,
pineapple, grapefruit and tangerines are also excellent sources
of the vitamin and these are consumed largely without processing.
However, for economic reasons, they are not important vitamin C

source for the overall population.

Certain vegetables constitute an important source by virtue
of the large quantity eaten rather than the high percentage
content of the vitamin., They include potatoes, beans, peas,
etc. (9).

1 ot e b -

The optimum human requirement of vitamin C remains a contro-
versial matter. The recommended intakes set by the Food and
Nutritional Board of the National Research Council (U. S. A.)
in 1963 are:~ 70 milligrame per day per adult; 100 milligrams
dwring pregnancy and lactation periods and 30 milligrams for
infants, increasing to 80 milligeams in young adults (10).

1.3 Chepiotry of Asgorbic Acid

The isolation and characterisation of ascorbic ac¢id involved
many workers over along period. It was found to have the
molecular formula C6HB806, The pure compound is a white
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erystalline, odourless substance with a sour (acid) taste. It
melts at 190°C = 192°C (infact it decomposes).

One gram cf the vitamin dissolves in 3 millilitres of water;
in 50 millilitres of zbsclute ethyl aleohol armd in 100 millilitres
of glycerol, IV is insclublc in benzene, ethyl ether, petroleum
ether and most organic solvents.

The vitamin has two assymetric carbon atoms and exhibit a
specific rotation of +20,5° to 21,5° in water at 20°C and +48° in
methanol at 23°C. .

It is comparatively a atrong acid as indicated by the acid
disgociation constants M1 and K2 whose values are 4.17 and 11.5
respectively, The acidic properties are due mainly to the
ionisation of the enol group on the third carben atom.

At neutrality the vitamin has an absorption maximum at
around 265mm and this shifts toward the shorter wavelengths with
decreasing pH.

Ascorbic acid crystals are stable in air for years., In
solution, the vitamin ie easily oxidised, the instability being
maximum at about pH of ® and increasing with inereasing pH in
the alkaline range.

Mild oxidation by air, hydrogen peroxide, ferric chloride,
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quinione, iodine or 2, 6-dichlorophenolindophenol converts the
vitamin to dehydroascorbic acid as shown below:-

60—7 CO
|

HDC|> lI s Ci
W= STAH He
HoCH HO?H
éH:z oH Chlz ijmwh‘b
L-—' Aot acd Dj 1351 vo- L

Dehydro~l-ascorbic acid retains the biological activity of the
vitamin. Reduction in vitro, using hydrogen sulphide converts
it back to the vitamin, Above pH of 5, dehydroascorbic acid
rapidly undergoes rearrangement in which the lactone ring splits
to give Diketogul -~



CO C OOH
¢o Lo
co € 25
HC:'J —2 H%,,Oi'
HocrH HOT« H .
Delng dfg(i:(irbﬂ aed Djke’fi g?;l.onw aid

Diketogulonic acid does not possess the biological activity
of Dehydroascorbic acidé. On treatment with hydrogen iodide, it
converts back to the dehydroascorbic acid which may subsequently
be reduced to ascorbic acid using hydrogen sulphide. Once the
lactone ring is opened, the molecule rapidly undergoes further
oxidation and may be degraded to oxalic acid.

1 thesis SCO; e

Plants and Animals except pig, man and other primates have
the ability to synthesize ascorbic acid. The rat for example is

resistant to scurvy.

In animals the liver and adrenal (cortex) are probably the
main sites for the synthesis of the vitamin. In plants all

tissues contain the vitamin except for woody tissues,
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Early experiments showed thn* the administration of
D-glucose caused the formation of L-ascorbic acid. In the rat,
the administration of hymotic drugs stimulates the excretion of
ascorbic acid as well as of D-glucoronides suggesting that these
two compounds may have a common intermediates. By using C-14
labolled sugars, King demonstrated that uniformly labelled
glucose is converted to wniformly labelled ascorbic acid (Il).
This shows that the carbon chain is not broken during the
conversion to the vitamin, On the basis of many studies in
recent years the following scheme hag been presented for the
biosynthegis of ascorbic acid. (SEE PAGE 11)

Ascorbic acid can also arise from D-galactose via
D=-galacturonic acid; L-galactonic acid; L-gnlactono- =lactone
and 2-keto=-L-galactono-lactone., What probably prevents the
synthesis of ascorbic acid in man is the absence of the enzyme

L-gulono-oxidase in the microsomes (}2).

1.5, _Metabolism of Ascorbic Acid:-

The sequence of reactions below is believed to represent

the catabolic breakdown of ascorbic acid in rot kidney (13).
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Plants contain an enzyme ascorbic acid oxidase which
oxidises the vitamin to dehydroascorbic acid. The pure enzyme
is blue and contains 0,26% copper., Its molecular weight is
150,000.

1.6, Biochemical functions of Ascorbic Acid:=

Ascorbic acid plays o very important role in the body. It
is concerned fundamentally with the formation of intercellular
gsubstances, including the collagen of fibrons tissue structures,
the matrixes of bones, cartilages and dent-in and all non-epithe~-
lial cement substances including that of the vaecular endothelium,
In the absence of the ascorbic acid, the condition known as scurvy

developes (14),

Other uses include its participation in the utilisation of
other vitamins, For example: (i) It has the capacity to increase
the uwrinary cxcretion of citrovorum factor in rats and human
subjects; (ii) It influences the storage of folic acid in the
liver of chicks; (iii) It relieves the deficiency symptoms of
rats put on a ration lsc-ing thiamin, riboflarin or pentothernmic
acid, | |

The ease with which the vitamin undergoes redox reaction
suggests that it plays a role in cellular respiration.



Ascorblc acid enhances the absorption of iron in human
and other animals, This is probably due to the reducing property
of the vitamin, since iron in the ferrons state is preferentially
absorbved. B T;ﬂfﬁ | ' ) o

It playe a very important role in the biosynthesis of
adrenal steroids., In elderly persons, the vitamin causes a rise

in the blood level of 17-hydroxycorticosteroids and increases

the urinary out-put of 17-ketosteroids.
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CHAPTER TWO .

SOME _ CHEMICAL METHODS FOR THE ANALYSIS
ﬁ”@%@ﬁﬁmﬁ._

2,1 The 2, quiehlorophenoliﬁd;§heﬁoi ﬁethod .....;;...;;.;.
242 Thg Iodopef?;c METHhOd serveseacerensa

2.3 The N-bromosiccinimide method seeeseversssos
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CHAPTER TWO

CHEMICAL METHODS FOR THE ANALYSIS OF

A great number of chemical methceds have been established
for the analysis of ascorbic acid and its derivatives, They are
mainly based on the reducing property of the vitamin, These
procedures include treatment of the acid extract of the vitamin
with oxidising agents such as iodine, methylene blue,

2, 6~-dichlorophenolindophencl and many other reagents,

Various acids have been used for the extraction of the
vitamin., They include acetic acid, trichloroacetic acid,
metaphosphoric acid and oxalic aeid. The latter two acids serve
not only as extracting agents but ns species that reduce the pH
of the medium thereby stabllising the vitamin. They also form
complexes with metallic ions like cupric ions, thereby preventing
the catalytic oxidation of the vitamin,

Most of the methods particularly the titrimetric ones are
not very specific. The limitations arise due to the presence of
reducing materials such as stannons, ferrons, sulphides and
thiosulphate ions, Errors arise particularly in food products
because of the presence of reductones nnd reductinic acid |

(reductone is a hydroxy pyruvic aldehyde, o compound formed by
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the alkaline hydrolyesis of sugars; reductinic acid is formed

vwhen pentoses are treated with wcid. The terms reductone and
reductinic acid, however, have been used rather losely to signify
other reducing compounds during heat processing and sior:oge of
foods).

Inspite of all the problems, numerous attempts have b.:on

made to increase specificity as shown in the 1lcring methods.

221 2, 6-Dichlorondophcnol Me“hed __ ':

2, 6~dichlorophenolindophenc”. is (. .> - 1.. vh e v
used oxidising agents in the snalysis cf ~az c.2iiolc acll
contents of many substances. Ascorbic acid reducecg the indicator
dye to a colourless solution., At end-point, in a titration
involving the two reagents, the dyc is rosc pink, How ~er, such
an analysis cannot be successfully carried out in the presence
of ferrons, stannous, cuprous, sulphide and triosuviphatc ions.
Products containing such species give values in excess of their
actual ascorbic acid contents. Several tests have been designed
to determine whether these reducing ions are preccnt in such
amounts as to invalidate a test. To dctcet -~ ~~1 f-—wcus
ions, two drops of 0.05% aqueous solution of methylene bluec are
added to 100 cm of freshly preparcd mixture (1 to 1) of the sample
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to be analysed and phos-horic acid-acetic aci™ i
disappearance of the methylcne blue cclowr in 5 iu o . s

indicates the presence of the interfering substances.

Stannous ions are tested by adding five drops of 0.05%
aqueo1? golution of indigocarmine to a solution contaliing 1Ocm3
0f the sample to be anslysed and 1Ocm3 of (1 to 3) hylsochloric
acid solution. Disappearance of colowr in five to ten cceconds

indicate the presence of gtannous ions,

Other problems encountered with the titrimetrie mcthold |
involving 2, 6-dichlorophenolindophenol include Aiffioulties in
juwdging the endpoint and interference due to turf "'l - .r czlcw
in the unknown extract, These difficulties are larg2) - cvercone
by waing the photometric methods. Here the change in the
photometric density ¢of the dye is determined after treatment with
the extract containing the ascorbic acid. This change is a direet

measure of the amount of ascorbic acid in the extract (15, 16),

)

222 Todometric Metheds (1D).

The titrimetric method involving icdine in the estimation
of ascorbic acid was first described before the Food and Nutrition

Section of the American Public Health Associn®fon in 1774 1 17),
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S8ince that time, the mecthod has had extensive and satisfactory use.

Initially it had some disadvantages such as the lack of
specificity for the vitamin and an indefinite end-point. Now,
however, the interfercnce of non-vitamin reducing substances may
be reduced and the end-point improved by proper ad justment of the
acidity of the titration mixture through addition of strong
mineral acid. The end-point may be improved further by the use
of double titration. This involves the addition of excess iodine
then excess thiosulphate and titrating the excess thiosulphate.

If the titration is carried out directly with icdine, the reaction
proceeds too slowly neor the endpoint giving irreproducible results.
By addipg an excess of the iodine 2ll substance capable of being
oxidised by the rcagent under the existing conditions are oxidised
quickly and completely. The added thiosulphate then reacts

quickly and quantitatively with thc excess iodine. BExcess thiosul-
phate is used and then bact titrated with more iodine because in
titrating solutions containinz large amounts of coloured substances,
the endpoint is best detected by the appearance of a colowr (blue
in this case) than by its disappearance. The addition of few

extra drops of iodine solution after the end-point has been excee—
ded, is more noticeable than in the case of the detection of end-
point by the disappearance of colour. Care must always be exercised

in applying the method to the estimation of the ascorbic acid



2.4 Dinzotised 4-methoxy-2-nniline Method =

This is another highly specific method for the determination
of ascorbic acid., It involves the treatment of an acid extract
of the vitamin with a diazotised 4-methoxy-2-nitroanilinc followed
by the development of a blue colcuwrcd product with an abscrption
maximum at 570nm,

al ( 20). They found out that reducing substances such : ™ (1I),
Fe(II) and 302 do not interferc when zresont in quantl’ - @ _crmally
enoountered., Vitamins normally present in multivitamin preparations
do not interferc even when present in a concentration twice that

of the ascorbic acid. Oxidation and decomposition products of the
vitamin like dehydroascorbic acid and 2, 3-diketogulonic acid do
not interfere when present in twice the quantity of the ascorbic
acid. Pantoyl lactone (the possible clearage product from
pentothenates) as well as phenols were found to be nen ir’erfering
when tested in a ratio of 2 pnrtes 1, rne part ascorbis ac’Ad,
Solutions containing polyhydroxy alcohols and tweens ccu” ! be
successfully assayed. Sugar-contecining food in which rcluctones
and reductinic acid may be encountered can be successfully anssayed
by applying the fommelAe:—"amodification of the method ( 21),
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The method is very rapid, simple and suitable for routine
control. It can be carriced out directly, requiring cxtractions
only in unusual cases. 1t is very specifie (due to the enediol
group of the vitamin) nnd highly sensitive. It shows good preci-
sion and an accwracy which conpares favourably with conventional

procedures.

25 The Gas Chromatography Method:-

Quite often the need may arise for the determination of
ascorbic ncid and other vitanins simultancously. Senello and
Argoudelis ( 22) have proposed n gas chromatographic procedure for
the simultaneous determination of pyridoxine, ascorbic acid and
nicotinanide in Pharmaceutical products.

In the proposed method, BSA [N,O-bis(trimethylsilyl)acetamidej
is reacted direcctly with the above compounds and the reaction
mixture chromatographcd using phenanthrenc as an internal standard,

It was found that varying the concentrations of the vitamins
does not affect the result. BSA, unlike hexamethyldisilagzane,
silanate both vitamins completely and it does not produce any
precipitate of ammonium chloride with pyridoxine hydrochloride.

The method is considcrably fast and comparatively accurate.
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Jaselski and Nelapaty ( 23) used this method for the determi~-
nation of ascorbic acid in citrus fruits, It involves the reduc-
tion of iron{M ) with ascorbic acid followed by the reaction of
the iron (V') formed with ferrozine to form iron ()= ferrozine
chelates The procedure was found to be depenlont ¢ r . .ny variables,
Ceget (2) The molar ratio of iron (i) to ferrczine, (b) The pH of
solution (¢) The time necessary to reach moximum intensity and (d)
The presence of various interferences. Since ir~» ’' ) dces not
form any stable chelate with ferrozine, the amount cf the chelating
agent to be added must be at least in 3 to 1 ratio with respect to
iron (1) produced in the reaction. Shou'? in case copper (),
cobalt (1]) and/or nickel (!1) are present, sufficient amount of
ferrozine nust be present to complex thesec ions. In actual
determinations, it has been suggested that ferrozine in 10 to 1
ratio with respeet to iron (||) formed should be us -4,

The effect of pH is nullified by working in cecetic acid-acetate
buffer solutione in the pH below 6, the formation of —iovw ,))=-
ferrozine chelate is hindered by the hydrogen ion competition,

v 7 . at pH greater than 7, iron (I'1) as h:" -7 ~r—vlex is not
rcduccd.
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Purc ascorbic acid in an amount as low as 5ng per 25ml and as
high as 10ng pcr 25ml werce reported casily dcterminced with relative
preceision of + 2% and + 1% respectively

sugars such as swrosc, mannosc, glucosc and fructosc do
not interferc,
The interferoncce of toartaric and citric acids through chelate
formation with iron (M| ) thereby slowing down the rcaction, is
overcome by the addition of aluminium ion. Oxalic acid in an
amount as high as ten times that of iron (Il ) has no offecct.
Phosphate in an amount approximatcly onc hundred times that of
iron (|i! ) docs not intcrferc., The determination of ascorbic acid
in the presence of iron (1) can also be achieved by passing the
solution through a cation cxchange rcsin and analysing the elvent

for ascorbic acid.

221 The 2, 4-dinitrophenyl Hydrogine Mothod:-

Ascorbic acid ond for ite derivatives such as dchydro-ascorbic
acid and dikctogulonic acid can be esturated using 2, 4-dinctro-
phenylhydrazine., The method was first developed for the determi-
nation of ascorbic acid in blood and urine by Roc and Kuether ( ).
It was later andapted by Roc and Osterling (24) for the determina-
tion of dchydroascorbic acid in thc prescence of ascorbic acid in
plant materials.
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In the cstimation of ascorbic acid, the method involves
treating the acid extract witk norit or brominc to form the
dchydroascorbic acid or 2, 3-dikctogulonic acid which is later
coupled with 2, 4-dinitrophenylhydrazine to form a hydrazone. This
hydrazonc is insoluble in water and decp red in colour. When it is
treated with 85% solution of sulphuric acid, it forms a red coloured
solution whosec absorption maxim: arc about 500 - 550nm and 350 -
380nm. In estinmating dchydroascorbic acid or dikectoguloniec acid,

the extract neced not be treated with norit or bromine.

Trace amounts of ascorbic acid can bc cstimated by a
microfluorimetric method (25) outlined below. The ascorbic acid
is oxidised to dechydroascorbic acid in the presence of norit. The
dehydroascorbic acid formed is then rcacted with O-phenylenediamine
to produce a fluvorophor having activation maximum at around 350nm
and fluorescence maximun at about 430nm. The influence of any
extrancous material may be prevented by comploxing the derivative

of the vitamin with boric acid.
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CHAPTER THREER

ANALYSIS OF THE ASCORBIC ACID _CONTENT
OF THE BLOOD OF GUINE, FOWLS

The effeets of different dicgts and malarial infectlon upon

the ascorbic acid pontcnts of the blood of Guines Fowls werge inves-

tigated using a developed Micrefluorimetric method (23 ).

The difforent diets used includet~ Guinea Corn (Dawa); Millet
(Goro); Maizme (Masara) bought locally from Samaru market and a
commercial livestock growers mash from Pfizer manufactuwring unit,.

Kadma.

The malarial infection was obtained by the intravenous

injeetion of the bleed of guinca fowls infected with Plasmodium
Gallinacewa, bought locally from Samaruw narket,

]

A total of twenty four birds werc uscd. They were grouped
into four; cecach group contained three infected and three uninfected
birds, both fed on tho same dict. |

The microfluorinctric technique applicd has been outlined in
chapter two, The ascorbic acid in the acid extract was oxidised
with norit and the oxidation product roacted with O-phenylenedio~

mine to form the fluorophor whosc fluorsence intensity was



deternincd, Bxtra carce wag taken to eliminate the effcet of

extrancous material by complexing the ncid derivative wiﬂaBOrio{mﬁd.|

The relationzhip between concentration C and fluorescence \

intensity T may be derived from the Lombert - Beer light sbeorpbion

law.
1 | -aed o |
/Io = 107 = TFraction of light transmitted
Wheore - _ : T ' '
I = Intensity of light tronsmittced ' _ |
To. = Intonsity of incident light
- Absorbancy index ;
= Cdnccntration
and "= Optieal depth -

It follows that tho frachion of lighflgﬁggfbéd ié'QQI'ﬁ'"
1 - }IOI _ .1 o 10.—abc

éherefb?o'ﬁﬁé'd;ouﬁf of 1i§ht absorgod is i-
To - 1 -_-Io .(1.2. ~ 1077be ;

|
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But fluorescence intensity F is proportional to the quanta of light

absorbed. Hence, wherce is fluorcscence efficient (the ratio of

quanta absorbed to quanta emitica)

F = X Io (1-10"““"’;
To expand 10 nbcg’ let X be (abe) and sinece
¢ | + X x.z*r ’ X*f" X!
¢ =z | + T g
"TTE 24 n!
o 5 e
' ~ale
0 2y s (c23ak) 4
( -2 _7;,(1(1’,)1
————
p 2
(—-,{ Z(Lff(/)
o f. .



and
=abe '
[l - 10 j = E- (1 +nbovﬂ

For analytical determinations with one recgoat in dilute solution
wherc (abe) is less than 0.05 and above 2% of the total oxtinction
cnergy is absorbed, the lLatter terms of the expression may be

dropped and henee

F

it

F = Ke

wherc K includes the proportionality constant k¥  and the flworescence
efficienoy ¢.
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A

(a) Metaphosphoric Acid ~ Acesic Acid Solution:

This was madce by dissolving %0 gramns of metaphosphoric neid
8ticks in SOcm3 of ceetac acid and 4OOcm3 of diastilled water, The
solution was mado wup to 1 litre with distillod wabter and filtered
rapidly through {lubted filtor paper into a glass bottle. It waé

stored in o refrigerator nnd a fresh onc wprepared weckly.

(b) Metaphosphoric Acid = Acetic Acid - Sulphuric pcid Solution:

This was prepored by dissolving 15 grams of metaphosphoric

b 4
.. ecld sticks in 40cm3 of acetiec acid and 200em” of 0.3N sulphuric

3

acid solution. The soluftion wns diluted o BOOcm', filtered

rapidly through flutced filter paper and kept in a refrigerator.
(e) ©Q - Phonylencdiomine Solution: - u i

This was alwnys preparcd resh before use, by dissolving 20mg
of 0- phenylencdiame .2H320 in cnough distillcd wator to make.a .

1OOcm3 solubion, -, . . i T T B A NN R B

(d) 0.04% Thymol. Blug vH Indicator:

This was made by dissolving O.1gn of the indicator by tritu-

rating in agoto mottar with 10,75m1 0,028 s~ imm hydroxide and

dilutved to 25001115 with distilled woater. ere s T e el ek e

T L P T T Lo .o et . L I S S S
TR T A T R s SN PR ‘ o] e crdloowl T B
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(3) 10% (/) Potassium Oxnlate Solution:

This was made by dissolving 10 grams of potassium oxalate in
enough distilled water to form a 10001113 solution.

(k) g8to ando gcorb d Solution (im :

Accurately weighed 100ng of Analar grade ascorbic acid that
has been stored in a dessicator away from direct sunlight were

3

transfered into 100cm” volumetric flask and diluted to volume

immediately before use with phosphoric acid - acetic acid solution.

(1) Working Stondard Ascorbic Acid Solution (100 ng/ml):

25c:m3 of the stock standard ascorbic acid solution were

diluted to 250c:m3 using phosphoric acid - acetic aecid solution,
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PP RATU

Pipettes :~ Assorted, ranging from 1 ml to 25 ml.
Burettes

Glass beakers and Erlenmeyer flosks (assorted)
Test-tubes and test-tube racks (assorted)

Glass funnels; Buchner funnels and flasks

Filter paper (whatman No. 42)

Mettler Balance and Top loading balance

Water bath (100°C)

Fluorimcter and the fluorcscence reading tubes.
(The Yocarte model),
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3,2 CALTBRATION CURVE

Quantitative analys-s by fluorimetry arc normally based on a
calibration curve, plotted using standard solutions of the pure
substance in a suitable medium, In preparing the calibration curve
for this analysis, 250cm> of the working standard ascorbic acid
solution (100 microgram ascorbic acid per millilitre of solution)
were transfered into an erlenmeyer flasiz and shaken with about
5 grams of acid ~ waoshed Norit, The mixture was filtered through
No 42 Whatman filter poper discarding the first few millilitres

of the filtrate.

A series of solutions were prepared by pipetting the following
volumes (cm3) of the filtrate:- 2.5, 5.03 7.5; 10.0; 12,53 15,0;

17,53 20,03 22.5; 25.0 into 100cn’
3

volumctric flasks each containing
Sen” of Boric acid - sodium acctate solution. The flasks were
allowed to stard for fifteen minutcs with occasional swirling.

They werc designated as standaxd blank solutions,

Another set qf solutions was prepared by pipetting thc same
volunesd of the filtrete 28 above, into 1000::3 volumetric flasks

3 of sodivwe acetate solution and 500m3 aof

each containing Scn
distilled water. This set was diiuted to volume with distilled -
water, lmmediately. Two millilitres of each solution wore pipetted

into clean test .tubes and designated as standard "~ tubes.

-



Five millilitres of O - phenylenediamine solution were added
to0 a2l1ll the tubes, mixed and al’owed to stand for thirty five minutes
at room temperaturc and away fron bright light. The fluorescence of

each solution was determined wiing the locarte model fluorimeter.

3.3 DETERMINATTIONS:

At the initial stage of the analysis, just before the birds
were infected and put on the various diets, their weights and whole
blood ascorbic acid contents were determined three times in one
week, They were then infected and placed on the various diets,

All determinations followed immediately for about three weeks,

The birds were bled through prominent jugular reins on their
necks using sterilized ncedles and syringes, constantly flushed
with o 10% ( ¥/v) solution of potassium oxalate. The flushing

3

mrevents clotting of blood. 2cm” of blood were taken from each

bird per every analysis.

Bach quantity of blood withdrawn from a bird was quickly
emptied into a samplc bottle containing 1001113 of 6% (uyv)trichlo-
roacetic acid solution (an extracting agent and a protein precipi-
tant). The bottle was shaken and kevt for ahout five minutes so
that the extraction may come to completion. The content of the

bottle was then centrifuged and the suprnaiant shaken with
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approximately 0,5 gram of acld~washed Norit which was also previously
shaken with 6% ( Y/v) trichloregcotic acid solution., The wixture

was filtered through No 42 Whatman filter paper.

3 3

5em” of the fFfiltrate were transfered inteo 100cm” volumetr’e
flask containing SCm3 of Boric acid-sodium acetate solution and
z2llowed to0 stand with occasional swirling for fifteen minubes.

The flask was designated as sample blank,

inother Sem’ of the filtrate were transfered into 100cm>

volumetric flask containing Scm3 of sodium accetate solution and
about 75cm5 of distilled water. The content of the flask was
diluted to volume with distilled water. Two millilitres were

withdrawn and placed in a clean teat tube designated as sample tube,

At an appropriate time, the sample blank sclution was diluted
t0 volume with distilled water and two millilitres transfered into

a clean test tube designated as sample blank tube.

Five millilitres of O- phenylenediamine solution were added to
each tube, mixed and kept away fron bfight light for thirty five
minutes. The fluorescence intensity of each solution was determined

using the same locarte model fluorimeicr.



Tables I to IV indicate the total ascorbic acid
contents of the whole blood of guinea fowls fed with
guinea corn (dawa), maize (masara), millet (gero) and
Phfizer livestock feed (commercial feed)., Looking at these
results very closely, it is difficult to say in what way
the infection and various diets have influenced the blood
ascorbic acid levels, Hywever, taking the mean values of
the blood vitamic C level of all the birds in a group and
per analysis (Tables V to IX) and their average values
(Tables X and XI), there appeared to be some slight variations,

Tables XII to XV show changes in weight for the same
guinea fowls feed with the four different diets (guinea
corn, maize, millet ond phizer feed), both infected and
non=infected, A close look at these results indicate that
all the birds (infected and nonOinfected) gained weight
throughout the period orf investigation, This gain in
weight becomes more clear when one examines the mean values
of the total weights of all the birds in a group and per
measurement (Tables XVI to XXI) and their average values
fable XXII). The percentage gain in weight for each group
is a2lso shown on Table XXITI,
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3.5 DISCUSSION

(a) The effect of plasmodium gallinaceum (a malarial
arasite) on the whole blood ascorbic ac eve
of gulnca Towls:-—

Birds fed with the same diet (phizer feed) and

infected with the malarial parasite: plasmodium gallinaceum

shoed a slight increase in ascorbic acid level (Table X).
This elevation of blood ascrobic acid level during the
period of stress is unexpected in the light of previous
observations of depletion as characteristic response to
stress in mammals and the general lack of response which has
been found in birds. Josephson(6) , found no change in
the adrenal ascorbic acid content of chickens infected with
plasmodium gallinaceum although . adrenal enlargement took
place, Full interpretation of the observed slight change

in this work must await the elucidation of the role of various
organs and tissues in the body, in relation to the blood

ascrobic acid level,

(b} The effects of virious diets on the whole blood
ascrobic acid level of ruinea Jowls

Table XI indicates that birds fed with guinea corn,
maize, and the pgizer livestock feed showed an increase in
the whole blood ascrobic acid level, However, those put on
millet as diet suffered a slight blood ascrobic acid

depletion, It was also bbserved that the increase associated



- 38 -

with Pfizer feed exceeds that associated with guinea

corn, a diet found to be richer in ascrobic acid compared

to the commercial diet, The full interpretation of
these results must also await a detailed investigation of
the total ascorbic acid contents of the different diets

and their utility in the body,

(c) The combined effect of plasmodium gallinaceum and
various ets on e whole ood ascrobic aclid level

ol guinea Towls:-

Changing the various diets (from the commercial feed
to guinea corn, maize and millet) of guinea fowls and
infecting them with a malarial parasite showed a slight
increase in the blood ascrobic acid level, This is in
line with the observed results in (a) and (b) above except
in the case of millet, This would also require a detailed
knowledge of the effects of the two factors (diet and
pafasite‘ independently before arriving at any reasonable
conclusion,

(d) The effects of various diets on the weights of
5%1993 fowls infecfed and non-infected with
pla

smodium parasite:=-

Both infected and non-infected birds showed some
increase in weight when fed with different diets, This

is expected since they are growing birds, However, the
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observed increase in weight which accompanied the
infection 1s rather surprising, This coupled to the fact
that the birds showed no physical sign of the infection
other than evidence of multiplication of the parasite

in their bodies seem to raise many questions which could
not be answered at this moment, This indicates a need for

further investigation,’
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of fission are smell spindled-shaped cells known as merozoites.
Merozoites enter fresh host cells and wsunlly wdergo a2 second
cycle of growth and reproduction by schizogony. After one, two or
more cycles of a sexunl reproduction, sexuzl forms develop. Sonme
of the merozoites ocnter cells, grow and become multinuclcate and
give rise to many minute flagellated cells. These multinucleate
cells are the microgametocytes which produce many motile micro-
gamates., Other merozoites enter the cells and grow without
nuclear division. These are macroganates each of which matwures
into a macrogamnte. A motile microgamante fuses with a macrogamate
to form the zygote. The zygote sccretes a protective coat and is
now called an oocyst, When the host cell disintegrates, the oocysts
are released and nre pnssed out in the faeces. The final stage of
sporogony or sporulation, tnkce place outside the host,

Cocecidiosis may be suspected when animaols are listless amd
off their fecede - ond the facces are watery or blood stained (27]).

4,2 COCCIDIOSIS - A STRESS PACTOR:

The effect of cecal coccidiosis (as n stress factor) upon the
weights and whole blood vitamin € (ascorbic =2cid) contents of some
young chickens Waf investignted using two species of the parasite:-

Bimeria Tenella and Eimeria Accrvulina, The Eimeria Tenella sporu=

lated oocysts were obtained from an outbreak of coccidiosis in some



poultxy forms in Shika, Zaria., The intestinal contents of

the most heavily infected birds were collected in a physiological
saline solution and centrifuged., The supernatant was separated

from the residue and wnshed with distilled water by sedimentation,

It was finally reconstituted in distilled water and counted in a
hematocytometer. One millilitre was found to contain 20,000 oocysts.
The Eimeria Acervulina isolate was obtained from Utrecht, Holland.

It was also washed, reconstituted and counted before use. One
millilitre of the isclate was found to contain 800,000 oocysts,.

One day old chicks were rea¥ed in an electrically heated,
sterilised room until they were five wecks old. During the growing
period, they were fed with previously boiled water and sterilised,
coccidiostat-free diet prepared by the National Animal Production
Research Institute (NAPRI), Samaru, Zaria. Fifteen out of the
total birds were randomly picked and transfered into three broiler
cages labelled A, B and C (each cage contained five birds). The
woights and wholc blood ascorbic acid contents were determined
three times in one week, They were also examined and found free

of coceidia parasites.

The chickens in groups A and C were starved for approximately
twelve hours. Those in group A were individually innoculated with
20,000 sporulated oocysts of Eimeria tenella placed directly in




- 43 -

their crops uwsing glass pipettes. The ones in group C werec also
innoculated with 400,000 sporulated ooecysts of Eimeria acervulina

in o civdliar woy ac the Edmeria tenella nbove., Mensurement of
wsights and the analysis of their whole blood ascorbic acid
contents storted immediately.

43 - LhIAL LD MTI0D -

The total ascorbic acid contents of the whole blood of the
chickens werc determined uwsing the modificd Dinitrophenylhydrazine
nethod of Roc el al (& )s The acid was oxidiscd to dchydroascor=
bic acid with an occid-washed norit, The oxidiscd form was then
treated with 2, 4=-dinitrophenylhydrazine to form the hydrazonc,
which, when trcated with 85% sulphuric neid solution, it formed a

highly stable, rcddish brown product whosc absorbance was determined

at 515 nn, using Bansch Lomb 8Spectronic 20.

4,4 APPARATUS:

The following apparatus were uscd:-

(a) Assorted volumetric flasks, comical flasks, burcttes, pipettes,
funnels, test tubes, weighing and reagent bottles, syringes
and needles,



(b)
(e)
(d)
(e)

(a)

(b)

(e)

(d)
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Mettler and top loading balances
Cotton wool and Plastic trays
No 42 vhatman filter paper

Bansch Lomb Spectronic ~ 20

_RBEAGBNZS:
The following reagents were used in the analysis:-
6% Trichlozopcefic Aeid Solution:

"his was mnde by dissolving 60 grams of innlar-grade
Trichloroacetic in enough distilled water to mnke a one

1lit.e solution.
8%% Yulphuric Acld Solution:

Th.a was prepered by adding 900ij of concentrated sulphuric

ac'y te :OOc:m3 of disti? led water.

iy, Thiouren Solution:

10 @ 25 of Thiouren were dissolved in 50en® of cthanol and
the & .. “ion was diluted to 100cm3 with enough distilled water.

254 Dinedr. nenylhydrazine Solution:

-

Thit+ was mad: by .'ggolving 2 grams of 2, 4-dinctrophenyl-
hyirazine in -A""m;’) 0* approximitely 9¥ sulphuric ncid solution.



(e)

(f)
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5% _M®'kapho.pfopy J-° Add - 10$ Acetic Acid Solution:

50 grains of reagent grade HRO-. were dissolved in 800cm’ of
3

distilled water. 100cm of glacial acetic acid were added

and the solution was nade up to a litre with distilled water.
10% (Y v) Potassi um (xal at e_30l utj . on:

10 grans of Potassium kal ate were dissol ved i n enough
3

distilled water to make a 100om solution.

10t Hydrochloric Aad Solution:

Absolute Alcohol:
Aci d-Washed Ngrit;

This was prepared by heating to boiling 200 grans of Norit
and 1 litre of 10" hydrochloric acid solution. The mxture
was filtered by suction. The cake was washed several tines
with distilled water and r%ied overnight in an oven at
110°C - 120°Cc

(3) St andar dAscor bi cAcidSol ution)S2iPcklL

This was prepared by dissolving 100 ng, of Anal ar grade
ascorbic acid (stored in a dessicator away fromdirect
sunlight) in enough netaphosphoric acid - acetic acid

solution to make a 100cm sol uti on.
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(k) Wor tandard orbi id ution:

This wos prepared by diluting 1Ocm3

3

of the stock standnrd
agcorbic acid solution to 100cen” using metaphosphorio acid~

acetic neid solution as the solvent.

4.4 PREPARATION OF C.~ ”./TZON CURVE:-

A serics of standard solution were preparcd by pipetting

1, 2, 4, 6, B, 10 and 12 cm-j of working standard ascorbic acid

3

solution into 100ecm™ volumetric flasks and diluting each to mark

using metaphosphoric ncid = acetic acid solution as the solvent,
3

4cn” of each standard solution were pipetted into three tubes, two
of which were marked standnrd sample tubes and the other marked
standard blank tube., To each of the standard sample tube, 1cm3 of
2% 2, 4= dinitrophenylhydrazine solution was added, A drop of
thiouren solution was added to 21l tubes. The tubes were then
incubated in a water bath at 100°C for ten minutes. At the end of
the incubation periocd, the tubes were transfered into a large
beaker containing ice water and a generous quantity of ice blocks.

50m3

of 85% sulphuric acid were added slowly to each tube, mixed
and kept for ten minutes on a wooden rack. The nbsorbance of ench
solution was determined nt 515nm using the Bauach Lomb spectronic-

20, The results obtained are shown in figure II and ~ppendix II.
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4,7 DETERMINATIONS:;:

In analysing the ascorbic ~cid content of the whole blood of
the chickens, two millilitres of blood wecre withdrawn from each bird
through n prominent jugular vein on its neck. The area to be bled
was first cleancd with cotton wool socked in ethyl alcohol., The
syringes nnd ncedles used were 2lso constantly sterilized and flushed
with a 10% solution of potassium oxalate. The flushing prevents
blood clotting.

The blood withdrawn wns normally empticd into a2 sample bottle

3 of a 6% solution of trichloroacetic acid solution

containing 10cm
(an extracting ngent ~nd also o protein precipitant). The bottle
was then shaken and kept for five minutes to nchieve complete
extraction, The mixture wns centrifuged and the supernatant shaken
with approximately 0.5 gram of acid- woshed norit. It was again

filtered through FNo 42 - Whatman filter poper.

Three millilitres of the filtrate were pipetted into two test
tubes one of vwhich was marked sample tube and the other blank tube.
One millilitre of 2% 2, 4= dinitrophenylhydrozine solution was added
to the sample tube. This wns followed by the addition of a drop of
thioures solution to nll the tubes, They were then incubated in-a
water bath maintained at 100°C for ten minutes. At the end of the
incubation period, the tubes werc transfered into a large beaker



containing ice water and some ice blocks. Scm3 of 85% swulphuric

acid solution werc added to all the tubes, shakened and kept on a
woodad rack for another ten minutes. The absorbance of each solu-
tion was determined ot 515nm using the same Bousch and Lomb spect-

ronic 20 as in the calibration curve,

The amounts of ascorbic acid in microgram per millilitre of
blood were calculated using the simple cxpressions-

-

ug/cm3 of Ascorbic

N {cil from the X Volume of .filtrate
calibration curve
— s et A g

Volume of the Sample
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Lt RESULTS

Tables XXIV, XXV and XXVI indicate the total
ascorbic acid content of the whole blood of coccidia-free,

Eimeria tenella~infected and Eimeria acervulnia-infected

chickens, The trends in these tables shows that the
ascrobic acid levels remained rather constant. Hgowever,
taking the mean values of thc total ascrobic acid contents
of the birds in the same group per day (i.e., per analysis)
and the averages of these values (Tables XXVII to XXIX),
there appeated to be a slight increase in the ascrobic acid

level, The magnitude of the increase is such that: Eimeria

acervulina group showed a more increase than Eimeria tenella

group, /n increase was also observed with the coccidia=-
free group,

Tables XXXI to XXXIII also show the change in weight
for the three group of chickens, .11 of them showed an
increase in weight, This is expected since they are all
youny -growing birds, The increase in weight becomes more
apparent when one examines the mean values of the total
weights of all the birds in a pgroup and per measurement,
(Tables XXXIV and XXXV), Table XXXVI shows the averares
of the mean values indicated in Tables XXXIV and XXXV.
The percentage gain in weight appeared in Table XXXVII,
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4.7 DISCUSSTION

Literature values indicating the expected renge of
the total ascrobic acid content of the whole blood of
chickens were not available for comparisén with the
results obtained, The validity of the results and hence
deductions made from them depend on many factors, The
major one among them ic the method of analysis exmployed,
The method used in this anelysis is of high specificity
as evidenced from the results obtained by Roy and Keuther
who analysed the blood and urine of guinea pigs with geute
scurvy. They obtained whole blood values as low as 0,04
£o 0.13 millisram per 100cm> and urine values of 1,0 to 3.0
milligram per litre, Ot+her evidences also obtained from the
same workers came through the analvsis of interfering
substances, For examples alde-hydes and !etones which
were expectcd to couple with 2, l-dinitrophenylhydrazine
posed no problem, The derivatives of these which are
likely to be encountered in such analysis, for example,
pyruvic acid and acetoacetle acid, do not react with
sculphuric acid under the conditions of the reaction,
Moreover, their scolutions in acetri acid do not absorb at
5,40nm, the wavelength at which the vitamic C derviative

absorbs, Finally, they performed a series of recovery
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experiments which indicate the accuracy and precision of
the method, In one of these experiments they added
ascorbic acid to blood and urine and obtained good
recoveries ranging from 96% o 104%,

In another experiment where ten analyses were
carried out on one filtrate, the mean value was found to be
0.17mg per 100¢m3; the standard deviation was :9.01; the
probable error of a single determination was *0,0007 and
the maximum deviation was 0,0l mg per 1000m3:

Cecal coccidiosis infection appeared to Eave an
effect on the blood ascorbic acid level, It eleva;es the
level of the vitamin, This is unexpected in the light of
the previous results of depletion as characteristic response
to stress in mammals and the lack of response which has
been found in avian species, While ascrobic acid elevation
seems to be_characteristic of cecal coccidiosis infection,
it glso seems possible that some ascrobic acid depletion
might be present as a transient stage prior to the
observed elevation, Such changes might have been missed
with the sampling intervals used in this study. The findings
of slightly reduced ascrobic acid levels in Tables XXV
and XXVI favours this possibility,
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The ouservetions also give support to the concept
that turiwer rate is impor :ant in determining the absolute
level of blood :onstituﬂnts(qu Thus, the net gain in
ascorbic acia which was observed may be one to repletion
occuring simultaneously and at a greater rate than the
usual stress-induced depletion, Under such a condition
ascrobic ecid could be playing a fundamentally identical role
in situations where either depletion or elevation is the
net effect of stress. Studies on the ascrobic acid levels
of the various organs on the body in relation to the blood
ascrobic acia level might clarify the proble, Furthermore
studies on other vitamines may be essential for adequate
and ceonzlucive interpretation of results, |

The observed increase in weight which accompanied the
infectl yn in also surprising, From the results one may
be temptiel to question the toxic effect of the parasites
employed. The finding that the percentage gain in weight
associated with 7. acecrulina exceeds that associated with
E, tenella, a more pathogenic parasite, and the fact that
the birde did no* secm to be affected physically as a result
of the infeclionc secm to raise many questions which could
not be answerel a” present, This calls for further

investigation,
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D VITH GUINEA CORN FOR THRER WEEKS

il CROGRAN

EOLS
comzrron | DERTTIFICATION
o R E S U L _ T 8
(In uvg/millilitre of Blood)
- 1 19.8 20.0 20.0 21.0 23.0 21.5 21.0 23.0 23.5 23.0 21.5 23.0 23.0 23.5
m 2 18.8 21.0 21,0 21.0 21.5 21.0 22.0 21,5 21.0 23.0 21.5 21,0 21.0 21.5
- 3 18.6 18.8 19.8 20.5 19.5 20.8 20.0 21.0 21.5 21.5 20.5 22.0 22.0 ﬁ.w
4 [20.2 205 20.0 21.5 21.0 20.5 21.0 21.0 20.8 20.0 21.0 21.0 21.5 20.8
8 5 21.4 21.0 21.0 21.8 21.5 20.8 21.5 2'.0 22.0 22.5 21.5 21.0 21.5 22.5|
= e P . -
2E | 6 22.4 22.0 22.5 21.8 21.0 21.5 22.0 22.8 21.8 22.0 22,0 22.0 22.5 22.0
P L
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TABLE

THE TOTA CORBIC ACID CONTENT OF THE WHOLE BLOOD OF GUINEA FOWLS FED WITH MAIZE
(MASARA) FCR THREE WEEKS (MICROGRAMS PER MILLILITRE OF BLOOD)
CONDITION | IDENTIFICA- R E S U L T S
TION MARK In ug (Millilitre)
7 26,0 25.0 25.5 23.0 24,0 24.0 24,5 24.0 24.0 245 24.0 22.5 4.5
m 8 24.0 24.5 23.5 23.5 224.0 3.8 5.6 23.8 24.0 24.0 24.5 24.0 2440
B :
m 9 19.8 20.0 20.5 20.5 20.0 20.5 21.8 20.5 20.8 20.0 22.8 20.0 20.5
10 23.4 20.4 20,0 20,0 21.8 21,0 21,0 21,8 20,0 19.8 23.0 21.0 21,0
=
m .—a BUN —w.w Amlo .—mlm NA lm Na .o ﬂm.m Blhv NO.O 8.0 NA lm No.m NO.O
D
H 12 19.6 19.0 19.5 19.5 19.0 21.8 21.0 20.8 20.6 21,0 21,0 22.5 22.5
S
=




bh

THR TOTAL ASCORBIC ACID CONTENT OF THE WHOLE BLOOD OF GUINEA FOWLS FED WITH MILLET
CONDITION | TDENTIFICA- - - < VU L T
TION MARK k- € S
13 20.4 20.0 21,0 20.8 20.5 21.0 20.8 20.0 20,0 21.0 21.0 20.6 21.0 20.0
=
3 14 20.8 23.0 20.5 20.8 20.0 20.0 20.8 20.5 20.C 21.5 23,0 21.8 23.0 20.5
h 15 24.0 21.8 21.0 21.0 21.0 22.0 «.5 21.0 20.8 21,0 21.5 21.0 21.0 21.8
16 22,0 22.0 21.8 22.0 21.8 22.4 22,0 22.0 22.8 25.0 21.6 21.0 22.4 24.0
{ B
3 17 22.5 22.8 22,0 22.5 22.0 22.5 22.4 24,0 25,8 23.4 22,5 22.5 22.6 22.7
m 1
M .m T -4
2 18 26.0 20.4 20.0 20.8 21.0 21.4 20.0 22.0 22.6 22.8 22.0 22.0 22.6 20,8
=




TOMAL _ASCORBIC ACID CONTENT (MICROG

FED WITH PFIZER LIVESTOCK FEEDS FOR THREE WEEKS

CONDITION| IDENTITY R E 5 U L T S
19 23,0 21.8 22,6 22.0 22,1 220 22,6 2.0 214 210 21.6 22.4 22.0 22.8
m ——
m 20 uq.-u 20.0 20.0 20,5 20.0 21.8 20,6 20.8 20.0 21.4 20,5 20.0 20.9 22.0
=1
= _
21 19,0 19.0 23.4 20,0 20.0 21.3 20,0 21.6 .21.0 21.0 20.4 20.0 20,0 20.7
I
% 22 19,6 20.8 18,5 18.8 20,4 20,0 20.6 21.4 21.0 21.0 19.5 21,0 21.4 21.8
: 8
...Tu 23 24.3 22,4 22,2 23,0 23.0 22.8 22.0 22,2 23,0 23.4 22.6 21.4 22.0 21.0
M 24 21.4 24,0 21,3 20.8 21.6 21.0 21.0 22.6 21.0 21.9 21.4 20.6 21.0 21.0
Q
=
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TABLE _V

MICGROGRAM _PER MILLILITRE OF THE
TOPAL ASCOSBIC ACID CONTENT OF THE WHOLE

BLOOD OF MALARIA-FREE GUINEA FOWLS, ALL _FED
WITH PFIZER _LIVESTOCK _FKED.

GROUPS X X1 III

GUINEA CORMN 20433 20.76 21.44

e o =

MAIZE 20,73 20.44 21.89

MILLET 20,98 21.34 21.88

PFIZER TFEED 21.37 20. 64 20.38




MEAN VALUES (MICROGRAM PER MILLILITRE) OF THE
TOTAL ASCORBIC ACID CONTENT OF THE WHOLE BLOOD
OF GUINEA FOWLS FED WITH GUINEA CORN _(DAWA).

INFECTED NON-INFECTED
BIRDS 3IRDS
19,07 21.33
19.93 21,17
20,27 21,17
20,83 21.70
21.33 21,17
21.10 20.93
21,00 20,93
21.83 21,60
22,50 21,60
2047 21.43
22,00 21.50
22,00 21433
22,11 21.83
22,00 21,77




e :)b .

MEAN VALULS (MICROGRAM PER MILLILITRF) OF THE
TOTAL _ASCORBIC ACID CONTENT OF THE WHOLE_ BLOOD
OF _GUINEA FOWLS FED WITH MAI B (MASARL),

INFEOTED BIRDS | NON-INFECTED BIRDS
23.217 21.07
21.17 19,73
23407 19. 60
22.33 19,77
22,67 20,80
22.77 21,27
23430 20450
22,77 21.00
22.93 20.30
22,83 20.27
23,77 21.83
23.33 21,37
22.83 21,77
23,17 21,77
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T ABLE_VIII

MEAN VALUBS (MICROGRAM _PER MILLILITRE) OF THE
TOPAL ASCORBIC ACID CONTENT OF THE WHOLE BLOOD

OF GUINEA PFO'LS FED WITH MILLBT (GERO)

INFECTED BIRBS | NON-INFECDED BIRDS
21.73 23.50
21,60 21,67
20,83 21.27
20,87 : 21477
20,77 5 22.50
20.50 , 21,60
21,00 { 22,10
214,03 { 21.47
| 20,50 | 22,67
! 20. 27 ; 23.07
; 21.17 | 23,07
i 21450 ! 22,03
f 21.13 E 21,83
21,67 J 22,53
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TABLE IX

MEAN VALUES (MICROGRAM PER MILLILITRE) OF THE
TOTAL _ASCORBIC ACID CONTENT OF THE WHOLE _BLOOD
OF GUINEA FOWLS FED WITH PFIZER LIVESTOGK _FEED

INFECTED BIRDS NON-INFECTED BIRDS
19.83 21.77
20.27 22,40
22.00 21,30
20,83 20,87
20,70 21.68
21.70 21427
21.07 21.30
21.47 22,07
20480 . 21467
20,80 22.10
20,97 22.17
21.83 21.00
21.33 21.47
20,80 23,60
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TABLE X

AVERAGES OF THE MEAN VALUBS OF THE WHOLE

BLOOD _ASCORBIC

ACID CONTENTS (IN

MICROGRAM

PER MILLILITRE) OF GUINEA FOWLS BZFORE AND

AFTER _INFECTION.

GROUPS VITAMIN C VIT/MIN C CHANGE IN
CONTENT CONTENT THE
BEFORE AFTER VITAMIN C
INFECTION INFECTION CONTENT
GUINEA CORN 19.54 21,15 +1, 61
MAIZE 20.89 21.04 +0.15
MILLET 22,72 23.03 +0. 31
PFIZER FEED 19.57 20. 77 +1.20
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AVERAGES O THE MBAN V.LUES OF THE WHOLE BLOOD

ASCORBIC ACID CONTENTS (MICROGR/MM _PER MILLILITRE)
OF GUINE4A FOWLS FED WITH DIFFERENT DIETS

GROUPS VITAMIN C VITAMIN C CHANGE IN
CONTENT CONTENT THE VITAMIN
BEFORE DURING C CONTENT
FEEDING FEEDING
GUINEA CORN 20.84 21.43 +0.59
MILLET 21.0 20.79 ~0,21
PFIZER FEED 20.79 21,57 +0,.78




TABLE XII

THE WEIGHTS (GRAMS) oOF GUINEA POWLS FED WITH

=R SWls FED WITH
WITH GUINEA CORN (DAWA) RECORDED AT 48-HOUR
INTERVAL.

TION - |IoENmIoy " P Aty B MEF T8
I__ I 11T v v VI VII
a 1 350 | 550 [ 575 | 575 | 575 575 | 600
E;é 2 600 | 600 | 600 | 625 | 600 625 | 625
Em 3 700 1700 | 700 | 725 | 725 | 725 | 725
&
3 § 4 250 | 550 | 550 | 575 | 595 550 | 575
E H 5 600 | 600 | 600 | 625 625 | 625 | 625
;5'* 6 575 1 575 | 5715 | 575 | 600 600 | 600




TABLE XIII

THE WBIGHTS (GRAMS) OF GUINEA FOWLS FED WITH
MAIZE (MASARA) RECORDED AT 48-HOURS _ INTERVAL.

M T A 8§ U R E M B N T 8]
CONDITION | BIRD'S WBIGHTS (IN GRAMS)
IDENTITY | I II  III IV v VI VII

7 625 | 625 | 650 625 | 625 | 650 | 650

8 650 | 675 | 675| 675 | 675 | 675 | 700

INFECTED BIRDS

9 700 | 675 | 675| 675 | 700 | 700 | 700

10 650 | 650 | 650 | 675 | 675 | 675 | 675

11 675 | 675 | 675 | 700 | 700 | 675 | T0O

NON-INFECTED
BIRDS
AF
|
1!

12 675 {650 | 6501 650 | 675 | 675 | 675




THE WEBIGHTS (IN

TABLE XIV

- B6 =

GRAMS) OF GUINEA

FOVLS _FED

WITH MILLET (GHRO) RECORDED AT 48-HOURS INTERVAL
M &E A 3§ U R BEMNMERTS

BIRD'S WEBIGHT (IN GRAMS)

CONDITION { IDENTITY I II III Iv VvV VI VII

§ 13 625 | 625| 650 625| 625| 650 | 650

—

m

ﬁ 14 650 | 675| 675 675 675 675 | 700

% -

= 15 700 | 675} 675] 675} 700) 700| 700
16 675 | 6754 675} 700| 700§ 675 | 700

A

Em U 4 650 | 6501 675] 650| 675| 675 675

24! L

HH -

zlm

=4 18 675 | 650} 650} 675] 675 675 675
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TABLE XVI

MEAN WALUE (GRAMS) OF THE VWEIGHTS OF MALARIA-FREE
GUINEA FOWLS _BEFORE FEEDING WITH VARIOUS DIETS (ALL
BEING FBD WITH PFIZER LIVESTOCK FEED),

GROYPS MBABVALUES OF WEIGHTS
(IN GRAMS)
1 II ITI

GUINEA CORN 575.00 575.00 583.00
MAIZE 625,00 625,00 641,67
MILLET 633433 635« 33 641,67
PFIZER 57500 575400 583,00

FEED
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TABLEB _XViI

MEAN VALUSS (GRAMS) OF THE WBIGHTS OF MALARIA

INFECTED GUINEA

FOWLS BEFORE FEEDING WITH THE

VARIOUS DIETS (ALL BEING FED WITH PFI LIVE-
STOCK _FEED).
GROUPS MEAN VALUES OF WEIGHTS
(IN GRAMS)
I II 111
GUINEA CORN 600,00 600,00 616467
e ‘1#:
MAIZE 625,00 658, 33 658, 33
MILLET 641,67 641,67 658,33
V- o ) b -
PFIZER FEED 583, 33 600,00 600,00
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TABLE XIX

MEAN VALUES OF THE WEIGHTS (GRAMS) OF GUINE. FOWLS
FED _WITH MAIZE (MASARA)

| INFECTED BIRDS NON-INFECTED BIRDS
(WEIGHTS IN GRAMS) | (WEIGHTS 1IN GRAMS)

661.67 666, 67
658433 658, 33
666, 67 641,67
625.00 675.00
! 666. 67 683.83
675.00 675,00

6834373 683433
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TABLE XX

MEAN VALUES OF THE WEIGHTS (GRAMS) OF _GUINEA FOWLS
FED WITH MILLET (GER_QZ

INFECTED BIRDS NON-INFECTED BIRDS
(WBIGHTS IN GRAMS) | (WEBIGHTS IN GRAMS)
658, 33 633433
658, 33 661.67
633+ 33 666, 67
658,33 683,33
666,67 675.00
675,00 683, 33
683,33 675,00

_—
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T ABLE " XVIII

MBAK VALuES OF THE WSIGHTS (GR/MS) OF GUINEA FOWLS
FED W(TH GUINEA CORN (DaWA)

—  ——

_
CRER M [
616,67 575.00

i 016467 57500
| 625.00 575.00

641,67 591.67
033435 : 600,00
€41.67 ’ 591.65
| 550,00 596. 67

e e e . ———— e —————
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TABLE XXI

MEAN VALUES OF THE WEIGHT3 (GRAMS) OF GUINEA FOWLS

FED WITH PFIZER LIVESTOCK FEED

—

INFECTED BIRDS
(WEIGHTS IN GRAMS) | (WEIGHTS IN GRAMS)

NON-INFECTED BIRDS

616.67
650,00
63333
650,00
666467
666, 67
675.00

L 583.33
583. 33
591,67
600. 00
616,66
t 625.00
650400
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TABLE X(II

AVERAGES _(GRAMS) OF THE MEAN VALUES OF THE WEIGHTS
OF GROUPS OF GUINEA FOWLS _FED WITH DIFFERENT _DIETS

GROUPS INFECTED NON-INFECTED
- e e e e
BEFORE DURING BEFORE DURING
FEEDING FEEDING FREDING FEEDING
(wr. IN (wr. IN (WT. IN (WP, IN
L GRAMS) GRAMS) GRAMS ) GRAMS)
GUINEA 605,56 632.14 577.78 5864473
CORN
MAIZE 647.22 662,38 630,56 669,12
| 4# !
| MILLET 647,22 661.90 636,11 668,33
PFIZER 594,44 651.19 57777 607.14
FEED
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TABLE XXIIT

e
|
—_—

ITLBNT (%) GAIN IN WBIGET FOR GROUPS _OF _GUINEA
POWLS FED MW.LH DIFEERON _ DIATE

r o ——— ¢ —_——— " e — ——
i
i
GROUPS TNFECTED | NON--IJFECTED
S .
GUINEL CORN 4.39 | 1.50
o ;“s‘:--—vg-—-—- —
| (VA 2034 6:12
MILLET 2.27 8,21
FEED
TSI F— .




- %6 =

4

TABLE XXIV

THE TOTAL ASCORBIC ACID CONTENT FMICROGRAM

PER MILUTLY CF ™% WH'LE BLOO

cocCIDTA= I o T
NUMEER OF B 1 R D'S IDENTITVY]
ANALYSIS *

6 7 8 9 10

I 19.6 19.0 21,4, 20,8 18,8
11 19,8 20.1 21,0 20,0 20,6
111 21,4, 20,0 21,0 20,0 20,0
v 21,0 20,0 20,3 20,6 20.4
v 21,6 19,8 20,0 20,0 21,7
\'Al 20.4 19.0 20,0 21,3 20,0
VII 19,3 20,4 21,3 21.8 21.4
VIII 21,3 20,0 21,0 21,8 21,3
IX 21,6 21,3 21,0 21,0 20,0
X 21.0 20,0 23,3 21.0 20,0
XI 21,3 20.0 20,1 20.4 21.3
X11 20.u  21.3 21.0 20.0 21,4
XTI 20.1 21.0 21.4 20.3 21,0
X1V 20,17 21,0 21.8 20.0 21.0
XV 21,0  20.7 21.0 21,3 2046

1
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TABLE XXV

THE TOTAL ASCORBIC ACID CONTENT EMICHOGRAM

CHICRENS INFECTED WTTH EIMERTA TENELLA

" NOMFER OF | BIRD 'S I1DENTITY
ANALYSIS 1 2 3 L 5
1 16,8 20,0 19.4 21.7 18,5
% 20,0 20,2 21,4 20,7 20.4
111 20,8 20,8 20,0 20,5 20,0
1V 20,6 21,5 21,0 21,0 21.5
v 19,9 20,4 20,0 21,8 21,6
V1 20,0 21,5 21,4 20,8 21,0 |
VII 20,3 20,8 20,5 19.5 19.6
VITI 21,3 20,8 20,6 21,0 21,5 l
IX 21,0 21,0 20,0 21,9 21,0
X 21,8 21,0 19,8 21,0 21,5
XI 20,9 21.5 20,4 21,0 23.4 »
XII 19,3 21,0 21,6 20.8 21.0
X111 20,0 20,8 21,0 20,0 21,8
X1V 19,8 21,0 21,0 19.4 21.0
XV ; 19,6 20,2 20,8 21.8 20.3
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TABLE XXVI1

THE TOTAL ASCORBIF ACID CONTENT (MICROGRAM
| OF THE WHOLE BLUOD OF

"RIA .CEHVOLINA
NOMEER OF BIRD SIDENWITY
ANALYSIS 11 12 13 10 15
T ? 20,1 19.9 20.0 21.0 20.8
11 f 19,3 21.3 24.6 27.L, 25,0
111 19.0 20.4 21.), 19,0 24,0
1V 20,4 19.5 20.0 21.0 25.0
v 20,4 20,6 19.7 20.8 25.0
VI 20,0 20.4, 20. 2n.n 050
VII 21.3 19.9 20.0 19.5 26,5
VII 21,0 20.4 21.5 20.3 27.5
IX 21.5 20.0 21,0 2n.7 25.8
X 21,0 20,6 21.0 21.4 26.0
XI 22,3 21.4 20.92 21.0 26,0
XI1 21.6 21.6 20.0 19,3 26.4
X111 21,0 20.8 21.7 19.0 27 r
XIV 21.0  21.4 21.1 21.4 27.0
XV 21,4 20.0 21.0 21.0 26.4
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TABLE XXVII

MEAN VALUES (MICROTRAM "ER MILLILITRE}_OF THE

TOTAL * ASCORBIC ACID CONTENT OF THZ WHOLE BLOOD

OF THE THREE GROUPS OF CHICKENS ALL BEFORE INFECTION

. — e ——— e ——
GROUPS T v II III
!W__ -
I |
(CONTROL: COCCIDI ‘-
FREE 19,59 19.78| 20,82
11
E. TENELLA 19.56 20.1L | 20,04
11T
E.ACERVULINA 20.08 20,98 | 20.44
|
i Y e ————
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TABLT XXVIII

MEAN VALUES OF THE TOT, L ASCORBIC ACID

CONTENTS (MICROGR:M PFR MILLILITRE) OF

THE WHOLE BLOOD OF THREE CROUFS OF CHICKENS

No COCCIDT .. ‘FREE F. TENELLA | E. ACERVULINA
GROUP GROUP GROUP
19.92 19.28 20,36

2 :r 20,30 20,50 22,32

3 20,18 20.42 20,76

L 20,46 21,12 21,90

5 20,62 20,74 21.30

6 20,14 20,94 21.40

7 20,84 20,1 21,44

8 21,08 21,04 22,1

9 20,98 20,98 22,88

10 21.56 21,02 21,88

1 20,62 21.4)4 22,32

12 20,74 20,7k 21,78

13 20,76 20,72 21,90

14 20,78 | 20,444 22,38

15 20,92 20,54 | 21,96

NN SR




TABLE XXTX

AVERACES (MICROGRAM PTR MILLILTTRE OF THE
MEAN VALUES OF THE WHOL? BLOOD ASCORBIC
ACID CONTENTS OF TH" THREE GROUPS OF
CHICKENS, BEFORE AND AFTER INFECTION

R

e
’__ GROUPS BEFORE INFECTION | AFTER INFECTTON
COCCIDIA-FREE 20,06 : 20,55
'
B |
E. TENELLA 19.91 — i 21,50
|
~ — ——
E. ACERVULINA 20,67 ‘ 21,78

These values were calculated from Tables XXVII and
XXVIII,



TABLE XXX

PERCENTAGE GAIN TN THE TOT 'L ASCORRBIC
ACID CONTENT OF THE THPEE GROUPS OF

CHICKENS
GROUPS % GAIN
COCCIDIA=-FREE 5.05
. TENELLA 3,82
L : 4
E. ACERVULINA 6.24
|

These values were calculated from Table

XXIX by finding the difference between

the average ascrobic acid level after and

before infection and dividing the value with

the average ascorbic acid level before
infection, Note that with the coccidia-free
group the average ascorbic acid level before and
after infection correspond to measurements taken
together with the other groups, before and

after infection,
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TABLE XXXI
WEIGHTS GRAMS OF COCCIDIr-FRE%
TNTERV .
iL ?égg;:fwl W E I G H T S (in Grams)
| 6 | 125 o L5 uso 5o Lso
i 7 W50 4SO 475 475  L75 500
!- 8 LOO 40O 425 KOO 25 425
9 LOoO 425 425 LK25 LS50 450
!10 425 KOO 425 LSO 4SO {50
TABLE XXXIII
WEIGHTS GRAMS) OF CHICKENS TNFECTED
gg:ﬁé?ty W E I G H TS (in Grams)
3 425 1[50 LSC 450 450 475
2 4oo L25 Lh25 [25 4[5SO 450
3 375 L4OO 425 425 425 450
I Loo 25 425 425 4SO0 425
5 4oo 375 L4OO 425 L25 425




TABLE _XXXIII

WEIGHTS Ecarﬂﬂ\,ow CHCIKE"S TNFECTED
= A_ACERVOLTNA, — MEASUREMENTS
T S

TAKEN AT THREE DAYS INTERVAL
Bird's : ) e 1
Tasntsty W E I G H T S (In Grams)
. o el
11 LOO LOO 425 40O  LOoO  L425
12 425 425 425 425 [50 LS50
13 LOO LOO 425 425  LOoO  LOO
14 4oo 4{OO0  LJOO  J25  JoSs )25
15 LS50 475 475 475 475 500
TABLE XXXIV
ggﬁw VALUES OF THE WEIGHTS (GRAMS)
THE TAREE GHOU' S OF CHICASNS
GROUPS . I .1 171
COCCIDIA=-FREE Loo  LOoO 420
E. TENELLA 355 365 380

E., ACERVULINA 370 375 L4OO
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TABLE XXXV
ME/AN VALUES OF T.E WEIGHTS
TITER INFECTION
COCGIDIA- E. TENELLA E. ACERVULINA
FREE GROUP GROUP GROUP }
120 1LOO 415
L25 115 1,20
L35 425 420
440 430 420
L50 440 1420
LL0 uLs 450
TABLE XXXVI

AVERAGES SGR:".MSE OF THE MEAN VALUES OF

: s
GROUPS | BEFORE INFECTED
INFECTION
COCCINIA=FREE
GRQUP Lo6,.2 125,66
E. TENELLA
GROUP 366,67 425,83
E. ACERVULINA
GROUP 381,67 Lol .17




TABLE XXXVII

PERCENTAGE é%! GAIN IN WEIGHT FOR THE

e —
{ GROUP WEIGHT
COCCIDIA=-FREE 6%
)
E. TENELLA 16%
y .
E. ACERVULINA 11%

The percentage gain in weight was calculated

using the simple express

Average weight = average weight } X 100
after infection before infection

average weight
before infection
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ABSORBANCE VALUES FOR STANDARD SOLUTTONS
OF ASCORBIC _ACID USING BLUSCH & TOMB
SPECTRONIC _20_ AT 5i5am

- — P—

CONCENTR:T ION ABSORLANCE

(ng/ml) I | it ME 37 : MEAN N

1 0.043 0.047 ! 0.057 ; 0,047

| 2 0.074 G075 0,076 | 0.075

‘ 4 0,146 0.154 0.159 ; 0,153

6 0.219 | 0.227 | 0.225 | 0.225

8 0,502 | 0,303 | 0.25C | 0.302

10 0.340 | 0 35¢ 0435 0,349

12 0.445 I 0.453 . C.455 |  C.451
L. N el s roo———




