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ABSTRACT

Infant formulas were digested with nitric acid and sulphuric acid (5:1); furnace ashed at 500
+ 10°C; and treated with 10% solution of trichloroacetic acid (TCAA). The resulting
concentrates were analyzed colorimetriedly for iron, usng 1,10-phenanthroline, and 2,2'-
Bipyridyl as ligands, 2,9-dimethyl-1,10-phenanthroline for copper; Dithiozone in
carbontetrachloride for zinc; Potassum periodate for manganese; Nitroso-R-salt for Cobalt;
and Dithiozone for Lead. Atomic Absorption Speetrophotometric (AAS) analyses of the
metd ions in the three sample preparations were aso done. Most coexisting metal ions
found to interfere were conveniently masked prior to the determination. Recoveries of
added ion for each of the meta ions were investigated colorimetrically using the three
preparations. On datistical comparison of the results obtained from the colorimetric
methods with the standard (AAS) method, the accuracy and acceptability of the colorimetric
methods were assessed.

Sx organic reagents namely: Benzidine, 1,2,3-trihydroxylbenzene (Pyrogallol), Rodizonic
acid, Flourescien, Picric acid, and Mercaptoethanol were tested for their colored complex
formation with iron, copper, zinc and manganese. Pyrogallol found to form stable complex
that could enable the colorimetric determination of iron, was exploited in estimating iron in
the sample preparations. The results obtained were acceptable and relate wdl with the AAS
method.

Other essential parameters in infant formula were determined and compared statistically
with the values displayed by the manufacturers. It was found that only the results for
copper, zinc and manganese compared very well with the manufacturers values. The results

for the other parameters varied from sample to sample.
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CHAPTER |
1.0 INTRODUCTION

The Colorimetric determination of inorganic substances with organic ligands are based
on reactions which yield products which (in solution) absorb radiation within the visible
range of the electronic spectra (Colin, 1977). Consequently, the tendency of transition
metal elements 1o react with organic ligands producing complex species that absorb

radiation within this range has been exploited for their colorimetric determination.

Transition metals posscss qualities such as the presence of d-electron orbitals which
participate in colour forming reactions with organic reagents having suitable functional
groups. This work has put into consideration the potentials of some metal -ligand

coloured complex formation in estimating transition metal ions in infant mitk formula,

Even though many techniques have been used in the pasi 1o determine these metal ions,
colorimetry is still considered as sensitive for, and capable of offering comparable results.
Various organic ligands have found applications in the colorimetry of metals. However,
what dictates the use of a particular ligand is the existence within it of a group which is
capable of interacting with the metal ion so as to produce a complex that is coloured,

stable, and representative of the concentration of the metal ion in the solution

(Holzbecher er.al., 1976).

It has become imperative to determine trace metal ions in infant milk with respect to a
couple of reasons. 'The levels of copper and iron in milks can be comrollcd lo achicve
good keeping qualities. Also it was necessary to investigate the levels of zing,
manganese, and other trace elements to be able to monilor their uptake by babies.
Nevertheless, routine monitoring of iron in infant milk would reduce the scourge of iron

deficiency aneniia in babies.

Few techniques of milk powder analysis have the inherent simplicity of colorimetry.
Doubtless, the atomic absarption spectrophotometric (A.A.S) method is good, but it is

not readily available for place to place monitoring of metal ions in infant milks. This



underscores the need for the development of available, portable and affordable sensitive

colorimetric method, the motivation for this work.
1.1 Aims of the Research.

The first goal of this work is to determine metals such as Iron (Fe), Copper (Cu), Zinc
{Zn), Manganese (Mn), Cobalt (Co). and Lead (Pb) in wet digest, dry digest and
trichloroacetic acid filtrate of infant milk formula, using standard colorimetric methods
and atomic absorption spectrophotometric (AAS) method. Moreover, the improvement
of the colorimetric methods based on the r1‘1inin1ization of interferences would be carried
out. Furthermore, a comparison of the colorimetric methods with the AAS method for
each of the preparation procedures would be undertaken with view (o finding out which

of the methods and preparation techniques offer befler resulis.

To develop new colorimetric methods for the determination of lron (Fe), Copper {Cu),
Zinc (Zn) and Manganese (Mn) in infant mitk formula, six organic reagents namely:-
Benzidine, Pyrogallol, Rodizonic acid, Flouresien, Picric acid and Mercapto-ethanol
would be investigated and a comparison of the resulis obtained from the developed
method with AAS method would be made for each of the preparation procedure. The
objective is Lo ascertaining the degree of reliability of the developed method.

It is also the aim of this work to assess the levels of Sodium, Potassium, Calcium,
Magnesium, Phosphorous Chloride, Protein, Fat, Lactose, Ash and Moisture in the infant
formula, using standard methods. The results obtained with these standard methods
would be compared with the manufacturers specification, to checking the level of

agreement, of the two methods.

Nevertheless, the high cost of sophisticated equipment such as AAS for the
determination of metals in infant milk formula, has elicited the search for cheaper and

equally sensitive colorimetric methods, a paramount aim of this work.



CHAPTER 2
20 REVIEW OF LITERATURE
21 Colorimetric Reaction

The reactions of inorganic substances with the reagents which yield coloured products
suited for colorimetric, spectrophotometric or turbidimetric determinations are called
colorimetric reactions.  The products are normally metal salts or complexes.  In some

instances a new organic substance is synthesized (Babko. 1968).

For chelation to occur, the hgand must contain at least two donor atoms capable of
bonding to the same metal atom  Elements that act as donors are the more
electronegative elements on the right hand side of the periodic table. They are primarily
found in group (V) (nitrogen, phosphorous, arsenic and antimony) and group (VI)

(oxygen, sulphur, selenium and tellurium) (Collin, 1977)

The formation of a stable metal complex requires the presence of a basic or acidic
functional group in the molecule of the reagent in those positions which allow the

formation of a five or six -membered Chelate ring

Colour results from the absorption of radiation in some part of the visible region of the
electromagnetic spectrum  Absorption usually extends into the near infra-red or UV
regions and is associated with excitation of electrons within the complex from lower to
higher energy levels  Electronic transition giving rise to absorption spectra can be
classified (into various types) depending on the chromophoric group present.

The d-electron chromophore is characterized by a metal ion with an unfilled -level and
combined with particular donor atoms.  This chromophoric group is found in complex
compounds of transition metals and can be denoted as MX,. where M is the central metal
ion and X the donor atom. Another type of transition are those involving a d-element and

the m -electron system of the ligand molecule. The transition could be from the ligand to



metal or from the metal to the ligand These (transitions) are called charge-transfer
transitions and they result in intense absorption bands

The metal ligand transition (M —> L) which is characterized by the transfer of a -
electron from the central field of the metal ion suggests that the metal must be in the
lower oxidation state. Also there must be a possibility of accepting this electron in an
unfilled orbital of the ligand. Such ligands are found among organic compounds with a
double bond or a chain of conjugated double bonds attached to the donor atom
(McWhinnie and Miller, 1967), for example, the complexes of iron (11) with ligands such
as 8-hydroxyquinoline, 2-picolinic acid, 2.2-bipyridyl. 1.10-phen, etec.  For all these
complexes the absorption bands are found in the visible region and are assigned to the

transfer of a t,, electron to a free anti-bonding x - orbital of the ligand

The ligand metal (1. —»>M) transition which involves transler of an electron from the
ligand to the metal. is found with complexes where the d-shell metal can be reduced
easily to lower oxidation state by accepting one electron. At the same time, the ligand
molecule must have a - electron system to which an acidic group is attached. This
group interacts with the metal ion and provides non-bonding electrons free for transfer to
the metal ion. Such groups are -OH. -SH, =NH. This type of complex can be
exemplified by the complexes of iron (I11) with 8-hydroxyquinoline. Tiron and

Sulphosalicylic acid (Holm and Everett, 1966)

Organic reagent used in colorimetric reactions should be sufficiently stable and resistant
to aerial oxidation or 1o photometric decomposition. It must also possess a m -electron
chromophoric groups in its molecule for colour to be produced In the absorption
spectrum of a product there must be a characteristic intensive absorption band at a
sufficient distance from that of the reagent or of substance being determined S

(product) - Ay (reagent) > 100nm. The reagent for which 2. (product) =

hmay reagent are less suited for spectrophotometric determinations (Collin, 1977).

The complex forming properties of organic reagents can be influenced by introducing
suitable substituent into their molecules. The stability of the complex is usually increased

by higher basicity of the ligand. This can be achieved for example when electron donor



substituents (e g. alkyl groups) are present in the position mefa or para to the active
grouping (Ilolzbecher, 1976).

When a bulky substituent is close 1o the functional grouping the reactivity of the reagent
may be decreased or lost owing to steric-effect. The reaction of the metal ion with the
(particular) functional groups is thus prevented. By this, it is possible to increase the

selectivity of the reagent. (Dunn, 1959).

The replacement of O by S as donor atom often leads to high selectivity and sometimes
even to higher intensity of colour (Dwycr and Mecller, 1964). Though some reagents
form sufficiently suitable complexes, they do not possess properties suitable for
spectrophotometry. A more suilable derivative can be obtained by introducing
chromophoric groups into the molecules or increasing the number of aromatic or
heterocyclic rings (Borg and Becker, 1940) in this way greater delocalization of
electrons can be achieved which brings aboul a bathochromic shift in the spectra of the

metal complex.
2.2 Trace FElements Components of Milk

The trace elements in milk come from the food eaten by the animal and ultimately from
the soil in which the food were grown. The elements are chromium, cobalt, copper,
iodine, manganese, zinc and iron (Byron and Arnold 1965). Although foodsiufls are the
primary source of trace elements in milk, a certain quantity could be obtained (rom the
water supply, from insecticides and spray residues, from glass containers or from the

metal cans and processing equipment of the dairy.

The trace element cobalt in milk forms the centre of vitamin By, molecule. Hence it is
important in animal nutrition. It was first reported by Bertrand and Macheboveut,
(1925). Values for normal milk are usually less than 1pg/l (Archibald, 1951; Ellis and
Thompson, 1945). Much attention has been given to the copper content of milk because
of 1ts catalytic effect on the development of oxidized flavour in milk and its products. 1t
is essential to the formation of haemoglobin. Daily requirement for copper is about 2mg

for adults and 0.05mg per Kg body weight for infants (Archibald, 1958, Davis, 1931).
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The presence of iron in milk was reported by Bunge, (1889) It 1s always present in milk
usually in the range 100-900 ug/l It is important as constituent of heamoglobin and as
component of respiratory enzymes 0 15mg/kg of body weight is recommended in
humans (Archbald. 1958, Robert and Sturt, 1959)  Manganese in milk 1s essential as
integral part of the liver cn)_vmc arginase.  Between 20 - 30 pg/l has been reported in

cow milk

Of all the trace elements found in milk, zine is consistently present m the largest amount
Average value for normal milk would be 350 pg/l It is however needed in small
amounts by humans (Baron and Arnold, 1965)  Molybdenium, nickel and iodine are also
trace elements found in milk. Nickel is not present in cow milk but can be found in milk

from its storage and processing
2.3 Analyses of Trace Elements in Milk

Many works have been reported on the analysis of trace elements in milk and milk
products. Smith (1967) reported two rapid methods for the determination of trace Cu in
milk.  The methods nvolve addition of known amount of Cu to samples to be
determined, and the modification of Diling (1963) method. and comparison with the dry
ashing procedure. The need for pH adjustment was eliminated by the use of zinc-
dibenzyldithiocarbonate  The methods were found to agree with the dry-ashing

procedure and are reproducible

Manganese was determined at ppb level in dairy products by activation analysis (Das
el.al.. 1967). This was done by oxidation of ““Mn to the heptavalent state followed by
extraction of tetraphenylarsonium permanganate into chloroform. Down to 25 pg/!l of
Mn was reported Manganese in milk at the submicrogram amount was determined by
ashing the dried sample in a muflle furnace at S00°C and complexing with Na-
diethyldithiocarbamate. (Hearly, 1966) The complex was extracted into chloroform at

pH 5.2 Results obtained were reproducible and compared well with AAS methods.



A precision method for the determination of zinc in food, especially mitk and milk
products has been reported (Higgins and Pickering, 1971). Techniques involving
colorimetry, polarography and AAS, yielded similar values for the samples. However,
AAS had smaller average relative standard deviation. ln another development, a method
involving dry ashing of milk powder at 400°C and dissolution of the ash with acetic acid
followed by (uantitative transfer into seperatory tunnel. buffering to pH 5 - 6 and
extracting with 0.04% dithizone in CCly, (Traskov and Gotsulyazk, 1967) has becn used

in determining traces of zinc. Sensitivity was 1.3 x 10-6g/g milk,

Copper and zine are readily determined in milk by AAS. Two methods are presented,
one involves simple dilution and aspiration inte the burner of the instrument, the other
involve trichloroacetic acid precipitation prior to aspiration. (Mary et al.. 1967).
Satisfactory results in precision and recovery of added metals were obtained with both

methods (Alfred and Wiltlam, 1967).

Iron was determined in milk ash (Gaitseva and Lisoya, 1960) using the yellow complex
produced when iron complexes with sulfosalicylic acid. Calibration curve was
constructed using FeSO4(NH),S04.6H,(. (Reproducibility was satisfactory).  Also,
some methods for the determination of iron in dricd milk were compared by Dedicova,
Libuse and Dolezalek (1975). Colorimetric methods using (}-phen, or

o, a’-dipyridyl after deproteination of the sample solution were most suitable. A
modified trichloroacetic acid method could be harnessed lor the deproteination (Hanne

and Knud, 1966).

The 1.1 orange-yellow Cu(l) -his (6-methyl-2-pyridyl) glyoxal dihydrazone complex was
used in the spectrophotometric determination of Copper in milk (Varcarcel and Pino
1973). The A, was 440nm and extraction of the complex was accomplished with
PhNO;. Relative error was below  0.13%. Cu has also been determined in milk
products by complexation with diethyldithiocarbamic acid, extraction of the complex
with amyl acetate and carrying out photometry of the yellow complex, (Anon, 1978),
Spectrophotometric determination of copper can also be achieved at 500nm with 6-

phenyl-2, 3-dibydro-1,2 4-triazine-3-thione,



Trace elements encountered in milk did not intertere in the method (Karapetia, 1982).
Recoveries of added Cu was 99.82% (Zhu and Liu, 1993, Nakoro and Huyeshi 1993,
Malik e7 af.. 1993; Murky 1994; Zhang 1994).

For the determination of Cli, Fe and Mn in milk, Nameless AAS was used. (Johnson,
1976). The only sample pretreatment necded was a simple acid precipitation. Suitable
acids for this were 11,80y for Cu and Fe, and HCI for Mn. Mn and Zn in milk were
determined by digestion of sample with a conventional microwave aven acid digestion
system employing PTFE reactors. There was good agreement with certified milk values

of the element when the method was used (Dela 1995, Sirois, 1062).

[ron was determined spectrophotometrically as the orange-red complex formed by Fe({t)
with [,10-phen at pll 4-6 (Chem Soc. 1978). Any Fe{lll) present was reduced by
ascorbic acid. Average relative standard deviations for collaborative studies by seven
laboratory were 2.2 -~ 7.0% (Anon, 1981, Yi Liu Ying, 1980). Pyridine-2-carbaldehyde-
2-hydroxy-benzoylhydrazon was also used as a selective reagent for the extraction and

spectrophotometric determination of Fe(It) (Gallego ¢f. «f., 1979).

A method involving ion exchange separation and AAS determination of pug quantities of
Cu ,Fe and Zn in infant milk formula powder was reported {(Aziz, 1994). 'The method
involves digestion with HNO;: and elution of the resulting solution through a column of
Amberlite 400 (chloride form) and determination of the adsorbed Cu, Fe and Zn with
AAS. Recoveries were 99.6 - |00.5% (Mittal, 1993).

In the method of Davydova ¢/ ¢, (1978) for the colorimetric determination of Lead (Pb)
n milk products, a weighed sample was ashed and dissolved in 1. 1HCI.  After treatment
with K,80, followed by centrifugation and pH adjustment 1o 9, dithizone in CHCl; was
used to extract the Pb.  Colosimetric determination was performed at 520nm after
pooling the extracts. In anolher development, Pb was also estimated in milk by FAES

using a base digest (Authur, 1977). Cadmium, lead and copper were determined by



inverse diflerential pulse polarography (Fariwar es al., 1979). Milk powder analyzed

contained Cd, Pb and Cu in the ppb level.
2.4 Major Components of Milk

The major components of milk include water, fat, protein, sugar salts of Ca, Na, P, Mg,
K and chlorides. (Webb and Jolmson, 1963). The salts imflucnce the heat stability of
milk, stability towards alcoho! coagulation and age-thickening of sweetened condensed
milk. Milk fat is derived in part from trigiycerides of the blood and in part from synthetic
activities of the mammary gland (Kuttz 1963). Milk conlains supplements for other
proteinaceous food that may be deficient in one or several annno acids, The only sugar
in milk is a disaccharide that is composed of glucose and galactose. Water is present in

the largest amount in milk.
2.5 Analysis of the Major Constituents ol Milk

Calcium and magnesium content of milk were determined complexometrically as
reported by Josef and Libuse, (1966) dnd Sarude, (1966) in their work, HCI treated
milk serum was liberated from interferring phosphate by ion exchange Ca and magnesium
concentrations were then determined McComick (1973) by titration with EDTA in the
presence of Eriochrome blue S E. indicator. Milk samples analyzed by AAS showed
standard deviations for various elements Ca | 6%, Mg 1.6%, K 19% and Na 2 4%
Recoveries of added Ca, Mg, K and Na in milk were quantitative and reproducibie
comparison of results obtained with photometry, direct titration with EDTA and oxalate

- permanganate titration, was also made. (Murthy, and Rhea 1967).

The formal titration results used in the calculation of the protein content in milk were
used for the determination of Ca as well  (Gajdusek 1975). The Ca content was
calculated from the difference between the acidity of milk before and after addition of
ammonium oxalate. A new method for K and Ca determination in milk based on direct
detennination by flame photometry was reported by Bende, ¢t. af , (1973) who obtained

comparable results with those given by other methods.
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In milk assay. the common extraction techniques for routine analysis namely dry ashing
and wet digestion were time consuming and hazardous. A method involving the yse of
trichloroacetic acid was evaluated for the AAS determination of Ca, Na and K. by
Zucchetti e, al., (1993) Recoveries (ranging from 93 - 99 5%) indicate good accuracy
and precision. The eflect of interference during the AAS determination of these ions
including phosphorous was reported by (Lopez and Lozano 1992). The work revealed
that the methods were free from interference  Phosphorous was rapidly and directly
determined in milk powder solutions by optical emission spectrophotometry with and
inductively Ar plasma source (Guna er. ., 1977)  The limit of determination was 0.1%
pg/em’ (Kawaguchi and Hiroshi, 1978)

Nitrogen and phosphorous in milk have been determined by using a complex catalyst for
mineralization.  The method was 30-folds as rapid as by Kjeldahl method and s
comparable to Kjeldahl in accuracy (Burkus 1971)  Phosphorous has also been
determined spectrophotometrically in dry ash of milk. (Bedessen er al, 1969)  The
phosphorous is determined colorimetrically after reaction with bisulfite - hydroquinone

and ammonium molybdate with recoveries of about 95 - 105%

Fat, protein and lactose content of milk were determined using Fourier transform IR
spectroscopy {Linge and Hope, 1993). The fat protein and lactose content are predicted
of which the former two are compared with Reose - Gottlieb and Kjeldabl reference
values respectively  (Habbs, and Lawrence 1972 Beitz and Philips 1977) Similarly, the
protein content of milk was analyzed colorimetrically  (Cioccia and Anna, 1995) The
method measures nitrogen colorimetrically in Kjeldahl digests 1t has the advamage of
eliminating the distillation and titration steps of the Kjeldahl method The results agreed

with those of the micro Kjeldahl digestion  (Florence and Eric 1977, Tronov, 1978).

Colorimetric methods for the determination of lactose was reported (De Carvalho and
ftamar (978, Teles er aof. 1978)  In the method, lactose reduced picric acid under
alkaline medium and the picramate produced was determined colorimetrically at 470nm
in a solution of sodium carbonate and NaOH. A simple quick and accurate method

based on the determination of excess silver afler precipitation of CI' with a standardized
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AgNQO; solution acidified with HNQO:, by flame photometric determination of chloride in
milk was reported by Gutshe and Bafi (1908). Also, Kacskovics ef «f (1968) compared
potentiometric methods with Mohr or Volhard methods of determining chlorides,

Results showed that the potentiometric method was more accurate (Roy, 1972).

A dye amide black 1083 was used in determining the protein content of milk (Galina,
1966, Jain and Tandon 1965). Very high correlation is shawn between the dye
absorption value and Kjeldahl nitrogen value. (Konrad, 1966). Also. free fat in
powdered milk was determined by four methods (Dabrowski, 1977). The method
included extraction with petroleum ether, ether and hexane, and extracting free fat by
centrilugation. The use of extraction with pet ether was recommended because of its

precision {Molnar and Poole 1967).



3.0 EXPERIMENTAL

3.1 Sampling

CHAPTER 3

Infant milk formulas in 450g tins were purchased from the Samaru market. Five

formulas from different manutacturers were procured. The samples so oblained were

opened, homogenized and stored in the refrigerator until when needed.

batch number (BN). expiry dates (BB}, and manulacturers are as {ollows:

The samples

S/No | Sample | BN BB Manufacturers
! Nestle CSBAV 08/9 | Nestle Nederland b v for Nestle Nigeria
NAN 0024A 8
2 Cowbell [ 65130 11/9 | Cowbelt A.G Hofstrasse France
8
3 Bebelac | 00711 06/9 | Nutrtcia N.V Zoetermeer Halland
No. 1 8
4 Wyeth SM241C 119 ) Wyeth  Nutritionals  lreland  Askeaton  Co.
SMA 8 Limerick Ireland for Wyeth Nig. Limited
5 I-er P13 03/9 | L’enpal par Celia France.
8

3.2 Reagents

All reagents used were of analytical reagent grade. Standard solutions were prepared

using distilled water. Stock selutions of digest/trichioroacetic acid (TCAA) filtrates and

standards were stored in the refrigerator until needed,
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3.3 Methods
3.3.1 Sample Prefreatment

Wet Digestion:  About 5.0g¢ of the dried milk sample was weighed into a 100cm’
Kjeldahl’s flask. Then 1oem’ of conc. HNO; (1.41, 70% w/v) was added and the
mixiure was warmed gently on a heating mantle. Zem' of conc, 1,80 (1.84, 98% wiv)
was added and the mixture was heated on a heating mantle for two hours. 1t was heated
for two howrs with the addition of drops of conc. HNO:.  The heating was continued
until white fumes was observed. The digest was cooled and filtered into a 100cm’
volumetric flask, 1t was neutralized with NILOW €1:3) solution, and was treated with

tem® of cone. HCI and made up to the mark with water.

Dry Ashing. About 5.0g of the milk sample was weighed into porcelain crucible and
was transterred into the oven and carbonized for [ hour. It was then transferred into a
carbolite furnace and was heated at 550°C for 4 hours. The ash resulting from the
treatment was taken up in [em’ of cone. HCL, transferred into a 100cm’ volumetric Nask

and was madc up to the mark with water.

Trichloroacetic acid (FCAA) Treatment:  About 5.0g of the milk sample was
reconstituted, transferred into 50cm’ volumetric flask and made up to the mark with
warm water. The mixture was transferred into a 250c¢m” conical flask, on a hot plate
maintained at 100°C and was heated to boiling. 10% TCAA solution was added with
stirring. The mixture was boiled for a further 20 mins cooled and filtered into a 100cm’

volumetric flask. The filtrate was then made up to the mark with water.
3.3.2 Colorimetric Determination of Trace Element Components.
3.3.2.1 Determination of Iron (Fe) Using 1,10-Phen. and 2,2-Bipy, as Ligands.

About 0.0702g of ferrous ammonium sulphate was weighed and dissolved in 50cm’ of

water and transferred into a litre volumetrie tlask. Then 10cm’ of cone. HCI was added
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and the solution was made up 1o the mark with water. This solution corresponds to
10ppm solution of Fe(11l), Aliquots of the solution covering the range 0.1 - 6.0 ppm of
Fe(I11), were pipetted into a series of 50em” volumetric flask containing 2cni’, 3em” and

Scm’ aliquots of the digests/filtrate. Another S0cm’ flask was set aside for blank.

For colour development L'I.Sing I,10-phenathroline  1.0cm’ of 10% solution of
hydroxylammoniumchloride, 2.5cm” of 0.1% solution of 1.10-Phen and 2.0cm3 of 10%
sodium acetate solution were pipetted into each of the flasks including blank. In the
determination using 2,2°-Bipy, standards for calibration, prepared trom 50 ppm stock
solution covered the range 0.1 - 16ppm Fe(Ill). Colour development was done by adding
1.0cm’ of 10% hydroxylammoniumchloride, 2.5cm® of 0.5% 2,27 -Bipy solution and
2.0cm” of 10% sodium acetate solution to the set of flasks, The set of solutions in each
case were lefi to stand for 30 minutes, made up to the mark with water, and determined

colourimetrically on a Carning 253 calourimeter (Chem. Soc., 1978).

The absorbance readings obtained were used in constructing the absorption, calibration
and Rigbom curves. Concentrations of iron in the samples were then computed from the
calibration curves,

Calculation

Fe ing/100g sample = W{ppm) x solution volume (em’) x 10

t

(Volume of Aliquot taken) x (weight of sample)g

where I(ppm) = ppm Fe from the calibration curve

3322 Colourimetric Determination of Copper (Cu) using 2,9-Dimethyl-1,10-

phen.hydrochioride as Ligand,

0.1904g copper sulphate (CuSO,.5H,0). was dissolved in water. and was transferred
into 1 litre flask i which Sem’ conc HCI has been added and was made up to the mark
with water. This stock solution of copper corresponds to S0ppim in Cu(il). 0.5 em’ -

5.0cm’ aliquots of the stock covering the range 1.0 - 10ppm Cu(ll} were pipetted tnto a



set of 25cm” volumetric flasks. Aliquots of the digest/filtrate were also taken and
transferred to another set of 25¢m’ volumetric flasks, into which 1.0cm3 aliquot of the
stock solution corresponding to 2.Gppm Cu(ll} havc. been added. Another 25em’ flask
was set aside for blank. Colour development was according to the method of Snell and
Leslie (1971} A Corning 253 colourimeter was used for the determination. Calibration,
absorption and Rigbom curves were constructed from the results and the concentration

of copper in the samples was computed from the calibration curve,
Calculation

Cu mg/100g sample = C(ppm) x solution volume (cm’) x 10

(volume of aliquot taken} x (weight of sample)

where, C(ppm) = ppm Cu from graph - 2.0ppm added Cu
3.3.2.3 Colorimetric Determination of Zinc¢ (Zn) Using Dithizone in CCly as Ligand

20ppm stock solution of Zn(ll) was prepared by 0.08794g  of zinc sulphate
(ZnS0,. 7H;Q), dissolving in some quantity of water transferring into 1 litre volumetric
flask in which Sem® of HC! was added and making up to the mark with water. 0.05cm’ -
1.00cm’ aliquots of the stock solution covering the range 0.1 - 2.0mg Zn were pipetted
into a set of 20cm’ separatory funnels. Aliquots of the digests/TCAA filtrate were also
pipetted into another set of 20cm’ separatory funnels. Solvent extraction and subsequent

colourimetric determination were according to the method of Chartot (1964).

A Corning 253 colorimeter was used in running both the standards and samples, and
from the results calibration, Absorption, and Rigbom curves were constructed.

Concentration of Zinc in the sample was computed from the calibration curve.

Calculation

H

Zn mg/100g sample = Z{ppm) x solution volume x 10

{volume of aliquot) x (weight of the sample)

-
"
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where Z(ppm) — ppm Zn from the calibration curve,

132 4 Colorimetric Determination of Manganese Mun Using Potassium Periodate as

Ligand.

Standard 10ppm solution of Mn was prepared by dissolving 0.041g Manganese sulphate
in water, transferring into Ilitre volumetric flask and making up to the mark with water.
Standards ranging from 0.1 - 6.0 (ppm) in Mn were transferred into a series of S0cm’
volumetric flasks. Also portions of the digest/ TCAA filtrate were transferred into 50em’
volumetric flasks in which 2 Oppm Mn has been added.  Another 50em” volumetric flask
was set aside for blank.  Colour was developed according to the method ol (Charlot,
1964). Colurimetric determination was done using Corning 253 colorimeter, and from
the results of the standards, calibration, absorption and Rigbom curves were constructed.
The concentration of Mn in the digests/filtrate was determined from the calibration

curve
Calculation

Mn mg/100g sample - M(ppm) x solution volume (cm’) x 10

(volume of aliquot (cm’) x (weight of sample)

where M(ppm) = ppm Mn from graph - 2 Oppm added Mn.

3325 Colorimetric Determination of Cobalt (Co) Using Nitroso-R-Salt as Ligand.

10ppm standard solution of Co was prepared by dissolving 0 04g of cobaltous chloride,
ina 100cm’ of water. the resulting solution was transferred into a litre volumetric fask
and was made up to the mark with water. Standard solutions containing 0.2 - 1 6ppm Co
were prepared by pipetting 0.2 10 1. 6em’ of the stock solution into 10em’ volumetric
flasks. Aliquots of the digest/TCAA filtrate were transferred to another sets of 10em’
volumetric flasks  Another 10cm’ volumetric flask was set aside for blank. Colur was
developed according to AOAC, (1965) The colour intensity of each sample was read on

a Corning 253 colorimeter, and from the results obtained, calibration, absorption and
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Rigbom curves were made. From the calibration curve the concentration of Co in the

samples were computed.

Calculation

Co mg/100g sample = N(ppm) x solution volune x 10

Volume of Aliguot x weight of sample

Assuming N(ppm) = ppm Co from the calibration curve

3.3.2.6 Colorimetric Determination of Lead (Ph) Using Dithizone in CCLy as Ligand,

A 10ppm standard solution of Pb{ll) was prepared by dissolving 0.01598g of lead
nitrate Pb{NQOs),, in water in a litre volumetric flask. From the stock solution, aliquots
covering the range 0.1 - 2.0ppm. Pb{il} were pipeticd into a series of 20cm’ separatory
funnels. Also, aliquots of the digest/VCAA filtrate were treated in a similar manner, The
methad of Charlot, (1904) was used i complexation and extraction ol the Pb ion.
Calibration, Rigbom and absorption curves were constructed from the results obtained
by running the solution on a Corning 253 colorimeter. Pb ion in the sample was

determined from the calibration curve.

Calculation

Il

mg of Pb/100g sample = P{ppm) x solution volume x 10

volume of Aliquot taken x weight of sample

where P(ppm) = ppm Pb {rom the calibration curve
3.3.2.7 Recovery of Added lon

0.1mg of each of the ion was added to 5g portion of the sample. Then wet digestion, dry
ashing and TCAA treatments were repeated as i (Section 3.3.1). Colour development
and determination for cach of the digests/filtrate follows the same procedure as in

(Section 3.3.2.1 - 6). The experiment was repealed using 0.2 and 0.3mg of each ion.
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Caleulation

% Recovery = ion recovered {mg)} x 100

fon added (mg) !

where; ion recovered = lon found (when there was addition - lon found (when

there was no addition).
3.3.3 AAS Determination ol the Metals
3.3.3.1 Petermination of lron

About 7.0025g iron(1l) ammonium sulphate was dissolved in water in a litre volumetric
flask giving 1000mg iron solution. 10em’ of this solution was diluted 1o 100cm’ to
obtain 100mg/l iron from which 0 - 15mg/l was prepared through serial dilution.
Aliquots of the digests/TCAA filtrate were used without further dilution.  The entire
solutions were then aspirated at wavelength of 248 3nm. A calibration curve was
prepared. A Pye-Unicam Model SP1900 AAS was used for the determination.

Calculation follows the pattern in (Section 3.3.2.1).
3.3.3.2 Determination of Copper (Cu)

A stock solution of Copper was prepared by dissolving 0.03938g copper(il) sulphate in
water in a litre flask to give 10ppm copper solution. A 0 - 6ppm working standards were
prepared from this 10ppm solution by pipetting 0 - [5em’ aliquots, into a set of 25cm’
flasks and diluting to the mark. Aliquots of the digest/TCAA filtrate were transferred
into 25cm’ volumetric flasks in which.5.0cm® (2.0mg) of the 10ppm solution have been
added, and made up to the mark with distilled water. Each of the standards, sample and
blank were aspirated at wavelength of 324.7nm using a Pye-Unicam Model SP1900

AAS. A calibration curve was prepared. Calculation was made as in (Section 3.3.2.2)



3.3 33 Determination of Zinc

A 20mg/l stock solution was prepared by dissolving 0.08794g of zine sulphate
(ZnSO,. 7H,0) in water in a 1000cm’ flask. Standards ranging from 0 - 1.5 ppm of Zn
were prepared by diluting appropriate portions of the stock solution to 25cm’ in separate
volumetric flasks.  10cm’ alit[uuls of the digests/TCAA filtrate were cach diluted to

25¢m’ with water  The solutions were aspirated at A — 213 8nm
3334 Determination of Manganese

A 10 ppm Manganese stock solution was prepared by dissolving about 00400y
manganese sulphate (MnSO, 4H,0) in water containing lem' of conc. H,S0, in a litre
volumetric flask Then, 0 - 6ppm working standards were prepared. 15em” aliquot of the
digest and 5 0cm’ standard. 10ppm Mn solution were transferred into 25¢m’ Nask and

diluted to the mark. The solutions were aspirated at 279 5nm .

1335 Determination of Calcium and Magnesinm

A stock solution corresponding to 20ppm was prepared from CaCOs, and 0 - 10ppm
standards were made ffom the stock by pipetting 0 Ocm' - 25em’ into a set of SOcem’

volumetric flasks and making them up to the mark with water.

Similarly. a stock solution corresponding to 10ppm Mg was prepared from MgSQ,, and
0.0 - 1 5ppm standards were made from the stock by pipetting 0.0cm’ - 7 5em” into a set

i~ i . . .
ol 50em” volumetric Nasks and making them up to the mark with water

Aliquots of the digests/TCAA filtrate were taken and diluted to 25em’ with distilled
water. The standard and the samples were aspirated at 422 7nm for Ca and at 285 2nm

for Mg using a Pye-Unicam Model SP1900 AAS.
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Calculations
mg of Ca/100g sample = Ca {ppm) x Solution volume x 10
Volume of Aliquot x weight of sample
my of Mg/100g samp‘le = Mg(ppm) X solution volume x 10
Volume of Aliquot x weight of sampic
wiere:

Ca(ppm) = (ppm} Ca from the graph
Mg(ppm) = (ppm) Mg from the graph

3.3.4 Flame Photometric Determination of Sodium and Potassium

1.5002¢ of sodium chloride and 2g of potassium chloride were oven dried at 120°C for 1
lir. On cooling for 30 min | 0.2540g of NaCl and 0.190g of KCl was each dissolved
separately in a litre volumetric flask and made up to the mark with water, to obtain a
100ppm Na and K stock solutions respectively, From the Na stock, working standards
from O - |5ppm were prepared, and from the K stock, working standards corresponding
10 2 - 30ppm K were prepared.  Aliquots of the digest/TCAA filtrate were taken and
diluted to 25cm’ with water. The solutions were determined in the (Corning EEL)
photometer alter the instrument was set to 0% and 100% emissions with the highest and
the lowest standards respectively for each ton. Calibration curves were prepared from

the readings of the standards.
Calculation

mg of Na/100g sample =  Na(ppm) x solution volume x 10

Volume Aliquot x weight of sample

mg of K/100g sample = __ K{ppm} x solution volume x 10

Volume of Aliquot x weight of sample
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where: Na{ppm) = Sodium conceniration from the curve

K{ppm) = Potassium concentration from the curve.
3.3.5 Colorimetric Determination of Phosphorous

A stock solution of 20ppm phosphorous was prepared by dissolving 0.0768g NaHPO4 in
water and the volume made up to 1 litre with water. Aliquots of the stock were pipetted
into S0cm’ volumetric flasks. These solutions when made up to the S0cny’ mark with
distilled water contain 0.5 - 6.0ppm P, Another 50cm’ volumetric flask was set aside for
blank. Portions of the digests/ TCAA liltrate were also transterred into S0em’ volumetric
flasks. Then Sem’ of 6N HNQ: Sem’ of ammonium vanadate solution, and Scm’ 5%
ammonium molybdate solution were added to each of the flasks including blank. After
ditution to the marks, colorimetry was carried out using (Corning 253) colorimeter at
Amax = 4060nm. Calibration curve was constructed and used in determining the

concentratton of P in each sample.

Calculation
mg of P/100g sample =  P(ppm} x_Solution volume x 10
Volume of Aliquot x weight of sample
where:

P(ppm) = concentration of Phosphorous from the curve.

3.3.6 Determination of Chloride

Standardization of AgNQ; Seintion: . About 2.92g of dried NaCl was dissolved in
water in a litre volumetric flask. The solution was about 0.05M. About 0 85g of AgNO;
crystals was dissolved in a 100cm’ volumetric flask and was diluted to the mark with
water  This solution was slightly more than 0.05M AgNQ:. The AgNO; solution was

put in the burette and was titrated against 25¢my’ of the standard 0.05M NaCl salution in
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which lem’ of 5% potassium chromate has been added, in a small conical flask. At the

end of the titration, 25cm’ of 0.05M NaCl require 24.8cm’ of the AgNOs solution.
Calculation

Equation; NaCl 'I-AgN()g—*‘-——'——P NaNOQO; 1 AgCl
IMNaCl = 58.5gNaCl in 1000cm” water = 35.5g €I
0.05MNaC1 = 2.925g NaCl in 1000cm’ water = 1.775CI
Ilence. lem'NaCl = 1.775 = 0.001775 Cl
1000
But 25cm’ NaCl = 24.8cm’ AgNO;
lem’ NaCl =0.992cm’ AgNO;

Hence 0.992cm’ = AgNQ; = 0.00177gCl
Determination of CI in the Samples,

1.0g of the sample was weighed and reconstituted n a 50cm’ conical {lask Using 20em’
of warm water. Then, 10 drops of 10% potassium chromate solution {prepared by
weighing accurately |0g of K.CrQy, transferring into 100cm’ volumetric flask, dissolving
with about 30cm’ of alcohol and making up to the mark with alcohol) was added. The
mixture was then titrated apainst the standard AgNQ: solution until a red-wine end point
was reached, The average volume of AgNQ. used for the titration was used in

!

calculating the CI content of the samples.

Calculation

mg of CI/100g sample = Titre value X 178.427

3.3.7 Determination of Moisture Content of the Samples

Clean porcelain crucibles were dried to constant weight in an air oven at 105°C for | hr.

They were then cooled in a desiccator and weighed. About lg of the sample was
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weighed into the crucible. The crucible with the content was reweighed to know the
weight ol the sample. 1t was kept in the oven at 80"C for six hours, and was cooled in
desiccator. The oven drying and weighing were repeated at intervals of 1hr until
constant weight was obtained, The Joss in weight duning drying represent the moisture

conient.
Calculation

% moisture =  weight loss(g) x 100

weight of sampie I

3.3 8 Determination of Ash Content of the Samples

A clean porcelain crucible was ignited in the furnace at 550°C for 10 min.  and was
transferred to a desiccator to cool after which it was weighed. About 1.0g of oven dried
powdered sample was weighed mto the crucible and the crucible with the content
weighed again. [t was placed in an oven set at 150"C until smoking ceased. It was then
placed in the furnace and the temperature was gradually increased until 550°C.  The
temperature was maitained for 8 hours. The sample was removed {rom the furnace,
cooled 1 a desiccator and then weighed. The weight of the residue in the crucible
corresponds (0 the ash content of the sample.

{

Cailculation

% Ash = weight of Ash x 100

weight of sample !

3.3.9 Determination of Titrable Acidity of the Samples

About 2.5g of the sample was weighed and reconstituted in a S0cm’ volumetric flask
with warm water. 10cm’ of the resulting mixture was pipetted into a S0cn:® conical

flask. Then S-drops of 1% phenclphthalcin indicator was added and the mixture was
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titrated against standard 0.1M NaQH solution until a faint pink colour at the end point

was observed.

Calculation

Equation. NaOH + CH;CH(-OH)COOH_**' CH:CHOHCOO Na + H,O
40 NaOl | neutralizes 90g of acid
I litre of IMNaOH nuetralizes 90g acid
Hence | litre of 0. 1M NaOH neutralizes 1Qg ol acid
tem” of 0. 1M NaOH neutralizes 0.01¢ of acid.

% Acid = Titre value x .01 x 100

Weight of sample 1
3.3.10 Determination of the Fat Content of the Samples.

About 1.0g of the sample was weighed and placed in 30cm’ Kjcldahl flask. Then, 10em®
of conc. HNOs and 2cm’ of cone. H,80, were added and the mixture heated on a
heating mantle for | hr. The mixture was cooled and poured into separatory ftunnel and
then 15cm” of petroleum ether was added, and the mixture was shaken for | min. The
ether layer was transferred into a weighed evaporating dish and the ether was scparated
from the fat by evaporation at room temperature for 24 hours. The dish and the fat was

then weighed and the difference in weight gave the crude fat content of the sample.

Calculation
% fat =_ weight of fat x 100
wight of sample ) l

3.3.11 Determination of Protein Content By Kjeldahl’s Method

About 2.5¢ of the milk powder was placed in a 100cm”® Kjeldah!'s flask and 25cm’® of

conc H,80, was added. Then a heating mantle was used to apply heat gently in a fume



cupboard unti! fumes were observed. Then about 5.0g of K,SOy and about 0.3g of
CuSQ, crystals were added. Heating was continued until the content of the flask was
clear. ‘Then heating was prolonged for a further | hr. The content of the flask was
cooled and transferred into Kijcldalh’s apparatus where the ammomnia in it was steam
distiled into S0cm’ of 0.1N H,80, in which 8-drops of methyl-red indicator has been
added. After the distiflation, excess of acid was titrated with 0.1 N NaO}H to vellow end

point.
Calculation

Equation: H,SO, + 2NIH; ——— (NH,),80,

98y of 11,50, neutralizes34g of ammonia containing 28¢ of nitrogen.
But, | litrc of 0.1N H,80, contains 4.9¢ of pure H,SO,.

Hence, 98g of H,S0, will be contained in 20 litres,

1.e 20 litres of HpS0s ~ 28g of nitrogen

% Nitrogen = (volume of H;S0, used - Titre value) x 28 100

20000ml x weight of sample i
% Protein = % Nitrogen x 6.38 (AOAC conversion factor)

3.3.12 Determination of Lactose

This was determined by difference

% lactoSe = 100 - (% Protein + % Ash + % Fat).

3.3.13 Development of New Colorimetric Reagent for the Determination of the
Trace Metals in Infnwe Milk,

Six organic compounds namely: Benzidine, [.23-trihydroxylbenzene (pyrogallol),

rthodizonic acid, flourescien, picric acid, and mercapto ethanot were proposed. 1%

solutions of each organic compound was made and they were set aside for the tests.

Standard solutions corresponding to 10ppm of the metal ions were prepared. Each of

the metal ions was tested in turn with each of the proposed reagents, in the following

manner.  Algquots of the stock solution ol the metal was transferred into a test tube.
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Then about 5-drops of the reagent was added, observations and pH were recorded. The
content of the tube was discharged and a new aliquot of the metal ion was introduced.
The pH was varied using a series of buffer solutions uniil the pll range of ! -12 was

exhausted.

In some instances where reduction of the metal ion was needed, hydroxylammonium
chlaride solution was added. The pH of the test solutions were monitored with the aid
of high quality pH-hydrion paper with (1 - 12} range. Reagents that produced tntense
colour with the wetal ion was used in determining the ion in solution and in the milk

samples colorimetrically.

33,18 Colorimetric Determination of Fe(lll) with 1,2,3-trihydroxylbenzene

(pyrogallol)

100ppm solution of Fe(lll) was prepared by dissolving 0.3510g of ferrous ammoniuin
sulphatc in water into which 3cm® of conc. HCI has been added in a 500cm’ volumetric
flask. Aliquots of this stock solutions corresponding to 0.5 - 50ppm in Fe(Ill) were
pipetted into a series of 50sm’ volumetric flasks. Another 50cm’ flask was set aside for
blank. Aliquots of the digest/TCAA filtrate were transferred also to 50em’ volumetric
flasks.

Then, Zem® of 1% reagent solution followed by Sem’ of 10% sodium acetate solution
(pH 5 -6) were'added to cach of the flasks. Colour was allowed to develop for 30 mins.
The absorbances of the solution were taken on a Corning 253 Colorimeter. The A, of
the complex was determined by taking the absorbances of 5 - 1Oppm solutions between
the wavelength range of 440 - 680um. The results obtained were used in constructing
the absorption, calibration and Rigbom curves. Concentration of Fe in the digests/TCAA
filtrate was read from the calibration curve. Calculation follow the pattern in (Section

3.3.2.1). Recoveries of added iron follow the method in (Section 3.3.2.7).



CHAPTER 4
40 RESULTS AND DISCUSSIONS
4.1 Sample Preparation

To ensure gquantitative and reproducible results, the sample preparation procedures were
carefully carried out. Wet digestion of samples was stopped when the solutions became
clear signifyving the total destruction of organic matter. After filtration, the filter paper
was washed several times with water to ensure good recovery of ions that might be
trapped in 1. The temperature of the carbolite furnace used for the dry ashing was
increased slowly to ensure uniformity in the destruction of organic matter and to guide
against the loss of some volatile inorganic components.  (Jackson 1938)  During the
precipitation of fat and protein using TCAA. the temperature was maintained at 100
57C to achieve optimum result. Resultant precipitate was washed several times to enable

quantitative recovery of the jons (Coni, 1994)
4 2 Tron (Fe) Delermination

To be able to determine Fe colorimetrically in the preparations, the effect of other 1ons in
mitk was investigated 1t was found that Copper (Cu) presented serious interferences
However, it was possible to mask 50ppm of Cu with 10% thiourea, when determining
1. Oppm of Fe by the 1.10-phen and 2.2°-Bipy methods. The absorption curves for the
two methods gave A at S10nm for Fe (-1,10-phen),” and A at 520nm for

Fe(-2,2"-Bipy):" Appendix A, (I11) and (1V) From the calibration and Rigbom curves
Appendix A (1), (I1), (V) and (V1) , the detection limits were found to be 0.35 - 3. 7ppm

for Fe(-1.10-phen).”" and 0 63 - 5 25ppm for Fe(-2.2 -Bipy):’
4.2.1 Statistical Comparison of Results For Fe Determination,

Tables 4.1, 4 2 and 4.3 show the results obtained using colorimetric techniques for the

three sample preparations Tables 4 7. 4 8 and 4 9 show the results by AAS method for
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the three preparations A statistical comparison of the two set of results, using the
student-s test for pair data experiment, at 95% conlfidence limit, was done. Appendix |
(1)  On comparison of the 7s calculated from the difference between the two sets of
results with # = (277 at I = 4 degrees of freedom) It was evident that the 2.2°-Bipy
method using the wet digest gave the least value for 7, which implies better comparison
with the AAS method. This result was followed by 2.2°-Bipy method using TCAA
filtrate. 1,10-phen method using TCAA filtrate and 1.10-phen method using wet digest,
i that order. It was not possible to deduce from the student-r test obtained from the
1.10-phen. and 2.2°-Bipy dry digests” whether they can give statistically equivalent

results with AAS, as their values were very close 10 £ s

However the percent relative standard deviation, a measure of the level of experimental
error (Tables 4.1, 4.2 and 4.3) for 1,10-phen method was least on the average. using the
TCAA filtrate, followed by wet digest and then dry digest. When 2,2°-Bipy method was
used, the trend changed from the wet digest to the furnace (dry) digest. The lower
values obtained with the dry digest could be due to the loss of some ions on ignition.
1,10-phen can complex other substances in the digest, thus reducing its concentration
available for complexation with iron. The TCAA filtrate contains some surfactants,

which could flocculate ions and offer better determinations (Coni. 1994)
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Table 4.1: Elemental Determination Using The Wet Digestion and Colorimetry.

(Mean Concentrations, mg/ 100g).

S/No Formula F¢ Cu Zn | Mn | Ce Ph
LI0-Phen. | 2.27-Bipy

l NAN Mean 6,25 6,55 036 | 158
S0 ood 0.07 0062 1 0an [ ND | ND | ND
%RSD 0.64 1.07 555 ] 131

2 COWRBELL | Mean 541 529 0.35 | 2.63
sD (.06 (.03 002 | 008 [ ND | ND | NI
RS Il (1.57 371 | 491

3 BEBELAC | Mcan 4.09 50v 047 { 5353
S0 0.6 a6 002 | oad gy NIY I ND L ND
YRS 146 1.8 425 1 072

4 SMA Mean 6.15 592 004 ) 3.1
50 010 01l Dl JOB2 ] ND | NID | ND
“%RSD 1.03 1.86 LA | 3.17

5 -ER Mcan 6.44 6.24 096 | 3.40
5D 0.4 005 003 ] 0.04 | NI ND | ND
YRSD 062 0.80 3 286

SD = Standard Deviation
RSD = Relalive Standard Deviation
ND = Not Detected



Table

4.2

0

Elemental Determination Using Furnace Digestion and Colorimetry.

(mg/100g Powder)

S/No Formula Fe Cu n Mn Co Pb
L.1D-Phen 2.2°-Bipy
7 | NAN | Mean 547 507 082 | 314
SD 0.05 (05 a0l 0.04 ND | ND | ND
" RSD 09l 099 122 1.27
T2 [COWBELL | Mean | 260 | 219 | o041 | 204 | | ]
SD 015 006 0.0l t0s ND | ND | ND
" RSD 5.77 274 244 245
3 | BEBELAC | Mcan EXD 347 040 | 380 | | T
SD 02 00s 00l 004 ND ND | ND
% RSD 054 14 2.50) 1.05
4 | SMA | Mam | o020 | 604 0 16 22 T
SD 003 003 0.a2 na2 ND ND | ND
% RSD 081 050 1250 | 06
5 Mean 671 v 49 013 341
I-ER SD 0.03 .05 002 (108 ND | ND | ND
Yo RSD 043 077 1538 0ns7
SD Standard Deviation
RSD Relative SD
ND Not Detected



Table 4.3 Elemental Determination Using (TCAA) Filtrate and Colorimetry,

il

(Mg/100g powder)
S/No Formula Fe i /n Nn o Ph
J 1L10-Phen | 2.27-[hipy J
ST | NAN | Mam | 57 TR ENEEEE
SD 01 003 002 02 ND [ ND | ND
YaRSD 035 a2 165 0.57
5 | COWBELL | Mean 517 507 | 03t | 285
Sy 0.12 003 0ol 003 ND N[ ND
~‘ PaRSD 232 1 o0 323 1.05 ,_]
T3 | BEBELAC | Mean | 372 | 3o | oo | 426 | | |
S0 2 00l ol 003 ND | ND ND
YoRSD 054 033 133 071
T4 | SMA [ Mem | 811 | 862 | o4 [ 3e0 | 1
Sh (04 0o e (105 ND | ND L ND
YaRSD .50 .23 470 1.39
5 o 1-ER Mean 638 0o |8 045 | 391
SD .02 013 TR (0] ND NI ND
"aRSD TRy 210 0.67 ()20

SD = Standard Deviation

RSD = Rela

tive SD

ND Not Detected.
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To test for the accuracy and reproducibility ot the methods, recovery tests were carried out
(Table 4.4, 4.5 and 4.6). More Fe ions were recovered in the dry digest followed by the
TCAA filtrate and wet digest, for both methods. Percent recoveries of the methods ranged
from 86% Lo 99.02%, testifying to the reliability of the methods, and their suitability for

colorimetric determinations.

4.3 Copper (Cu): Determination/Statistical Comparison of Results

The 2,9.dimethyl-1,10-phen, method was adoped Tor the determination of Cu as it is
sensitive and selective for Cu ions (Snell er. af.. 1971). The hydrochloride derivative of the
reagent was used to eliminate solvent extraction and enabling aqueous determination, with
the slight interference oftered by Fe masked with EDTA. Other ions did not posc any
interference 10 the determination. The A, Jor the delermination was lound to be 450nm and
at this A,.., the detection limits were found (0 be 0.41 to 4.t0mg/l [Appendix B (I} (1)
(I11)]. The results obtained by the colorimeiric method using the three preparations are as
shown in Tables 4.1, 4.2 and 4.3. Also, Tables 4.7, 4.8 and 4.9 show the results obtained by
the AAS method using the three preparations.

A student 7 test on the ditferences obtained for both methods, and the preparation
procedures was made at 95% confidence limit. The calculated ¢ for the furnace digest was
least relative (0 fyos = +2.77 al (= 4 degrees of freedom), followed by the t for the wet
digest and that for the TCAA fillvate Although the furnace procedure has the lowest 7,
showing better comparison with AAS method, it is obvious that the methods generafly gave

statistically  equivalent  results  with the AAS  method  Appendix 1  (1l).



Table 4.4 Added lons Recovered Using the Wet Digestion and Colorimetry (Mean

Yo Recoveries)

S/No | Formula le Cu /n Mn Co Ph
1. 10- 2.2’
Phen Bipy
l NAN Mean 90 33 ‘ 93.33 84.33 | 85.00 | 96,67 | 89.43 | 81.10
S0 3 68 403 6103 | 408 [ 70 | 080 i 50
"o RSD 4.07 4.32 727 | 4.80 176 | 089 J 1.92
2 | COWBEL | Mean | 8944 | 9033 | 893382778537 |8593|90277
B SH 3.42 042 3201 208 F OO0 | 033 | 208
% RSD 3.82 052 3.52 251 1Lo5 | 038 | 224
3 | BEBELAC | Mean | 9061 | 9020 | 8367 8110|8833 8943 | 8500
SD 239 302 262 | 156 | 1.25 | 1.02 | 408
% RSD 264 3:35 313 .92 142 .14 | 480
4 SMA Mean 93.55 86,00 | 9000 | 85.00 | 9562 | 82.87 | 88 87
S 234 535 0 00 4 08 444 360 1 .00
% RSD 2.50 6.22 000 | 480 | 428 | 434 1 80
75 | 1-ER | Mean | 9389 | 9555 | 7723 | 8387|9927 | 8883 | 8333 |
SD 347 0.42 12.21 | 2.8] 1.02 103 | 945
% RSD 3,70 0.44 1581 ] 3.35 1.03 116 | 1130




Table 4.5

{Mean Y% Recoveries)

Added lons Recovered Using the Furnace Digestion and Colorimetry

S/No Formula Fe Cu /n Mn Co Pb
1.10- 2.27-Bipy
Phen
7 [ NANT [ Men | vew 0500 | 7053 | 8387 | 9737 r'_m_n_{_wﬁz"
s 158 Tw] 1Y Oy 281 b G0 |42 341
% RSD 475 74 15.12 335 1.74 1.59 | 381
2 | COWBELL | Mcan | 9644 | 8833 | 8033 | 8833 | 93.73 | 91.67 | 81 10
SD 6.12 f>.24 (1.6S 24 388 236 | 156
“u RSD 635 700G 7.44 706 4. 14 2.57 1.92
HESE —1 - S il
1 BEBELAC Mcan 99 05 99,39 8500 | 8387 | 86.67 | 8727 | 85.00
SD 4061 6 .85 408 281 047 4 46 163
[ 44 RSD 4.3 6.82 4.08 1.35 (.54 S0 192
4 SMA [ Mecan 07 05 8783 D000 | 8886 | 9970 | 8910 | 86 03
SD 5.59 4.94 .00 1.60 067 441 (110
% RSD 376 562 (.00 I .80 067 4.95 .28
s 1 ER L Man [ 9778 | 9294 | ws7 [ 8720 [ 9567 | 8267 {9333 ]
Sb 3.92 6G.A3 {82 244 047 287 {286
2 RSD ERiE] n¥l 805 2. 49 47 1 0h
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Table 4.6 Added lons Recovered Using the (TCAA) Filtrate and Colorimetry

(Mean % Recoveries)

S/No Formula Fe Cu Zn Mn Co Pb
1.10 2.2°-Bipy
Phen
1 ~ NAN Mean 97 2% ass L srto b oroo [ 993y [ oias {91 .wﬁ
SD 1.77 178 156 | 141 | 047 | 156 | 158
% RSD I 82 528 192 | 155 | 047 | 167 | 173
> | COWBELL | Mean | 9244 9178 | 9277 [ 9610 | 8943 | 9550 | 9160
Sh 253 101 208 2 %4 () %0 .71 201
% RSD 274 137 224 | 296 [ 089 | 074 {2
3 BEBELAC Mcan 94 40 9328 | 8500 | 8720 | 8753 | 8860 | 9167 |
SD 245 2.34 J 08 O 14 I 03 029 | 2.87
2% RSD 2 6b) 248 4 80 704 1.20 033 3.13
4+ | SMA Mcan 9110 | 9300 | 8833 | 8386 | 9817 | a,a‘;;i‘“ﬂ“_ﬁ“
sD 1,56 356 23 | 281 | 272 | 612 (219
% RSD (.71 383 267 | 335 | 261 | 627 | 239
5 -ER Vican 933 — 0478 | 8667 | 91.67 | 9860 | 96.77 | 89.17 |
SD 932 425 472 | 236 | 151 | 247 |v62
% RSD K 10 148 545 | 257 | 153 | 255 |00
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Appendix 1 (111). Even though, at 95% confidence limit, the (TCAA) method gave the
best result, relative to AAS, the other two methods still compare well with (ASS) results.

¢+

4.5 Manganese, Cobalt and Lead Determination

For the manganese determination, the potassium pexiodate method was used because of
the relative availability of the reagent and the reduced interferences of other metals with
the method. Tables 4.4, 4.5 and 4.6 show recoveries of added mangancse ranging from
87.53 - 98.00% for (TCAA) mcthod, 8537 - 99.27% for the wet digest and 86.67 -
99.70 for the furnace digest. ‘Fhis might mecan that the method is swited for the
determination ol mangancse in solutions. However, when the manganese content of the
three preparations Tables 4.1, 4.2 and 4.3 were determined, unreliable results were
obtained.  Attempls at increasing the guantity of the sample digested and pre-
concentration of the digest could not show the presence of manganese. Even though
manganese was detected using the (AAS) method. Tables 4.7, 4.8 and 4.9, the percent

RSD are so high that the results could hardly be relied upon.

It ts evident from Tables 4.1, 4.2 and 4.3 that Cobalt and Lead might not be present in
the three preparations. However, Tables 4.4, 4.5 and 4.0 testify to the veliability of the
methods adopted for their determination as the percent recoveries recorded conform to
the acceptable standards. The (AAS) results Tables 47, 48 and 49 also proved

negative thereby substantiating the colorimetric results.
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Tables 4.7 - Elemental determination using the Wet digestion and AAS  (mg/100g

powder)

S/No Formula ke Cu n Mn Co Pb
| NAN Mean 6 40 0 36 2 88
S 005 00l (28 N> ND ND

2oRSD 078 277 0 72

12

COWBELL Mean 6 00 0.42 042 | 016
SD 012 | 006 | 060 [ 001 | ND | ND
"GRSD | 200 [ 1428 { IBO2 | 506
3 | BEBELLAC | Mean | 444 | 035 | 303 | 007
5D 006 | D02 | 066 | 002 | ND [ ND
YeRSD 1.35 572 L1818 | 2.86

et

4 | SMA | Mean | 884 | 035 | 407 | 014
S 011 002 005 001 ND ND

*.R8D 124 | 8.72 1.23 1 6.29

5 I-ER Mean | 720 | 034 | 350 | 0.11
SD 001 003 001 004 ND ND
SRSD | 014 | 882 | 020 | 336
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Table 4.9 Elemental determination using (TCAA) filterate and (AAS) (mg/100g

powder)

SIN Formula Fe Cu | Zn Mn Co Ph

O

| NAN Mean [580 (032368} 003
SD gortoorttoost 002 ND | ND
YWRED 0171313 ) 1.36) 50.00

2 COWBELL Mean | S38[031[275] 005
SD 0.03 (0011004 0001 ND { ND
WRSD (056|323 140 2.04

3 BEBELAC Mean [ 56810291415} 005
SD 0071001 0.4 00005 ) ND | ND |
%RSD | 1.23]3.45| 337, 10.64

4 SMA Mean | 9761038397, 0.13
SO 0.0110011004( 0G.01 ND | ND
%RED 1010 263 1.0} .45

5 1-ER Mean | 627029378 004
sD 3.04 [ 0.01 } 0.01 | 0.003 ND | ND
%RSD | 064 [ 345026 833

ND = Not detected.
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4.6 New Reagents for lron, Copper, Zine and Manganese Determination

Based on their functional groups. a selection ol’orga;ﬁc reagents were emploved for the
determination of the metal ions in the samples. The trials were basced on the pH of the
solutions as it is vital in coloured complex formation. (Charlot, 1964) For all the
reagents tested no coloured cbmplex was noticed tor copper, zinc and manganese tor
they form colourless complexes or do not complex at all with these reagents. Only
1,2,3-trihydroxylbenzene (pyrogallol), Rodizonic acid, and mercaptoethanol gave
coloured complex with A, at 560nm between ptl S - 8. A at 430nm at pii 3 - 4; and
Amac at 520nm at pll 10 - 12 respectively with lron versus distitled water blank.
However, the complexes of iron with Rodizonic acid and mercaptoethano! were unstable
to cnable quantitative determination, as evidenced in figure 4.1, wherc the colours

developed and disappeared within a short time

In the case of iron with pyrogallol, colour development was witlm five minutes and was

stable for about forty four minutes after which turbidity was noticed (Fig. 4.2).
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o———o Fe-Rodizonic acid.

101 e——efFe-Mercaptoethanot .
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Fig41:Graph of absorbances against time for Fe-Rodizonic acid
complex { A
(A

max® 430nm), and Fe-Mercaptoethanol complex

Max = 520nm}) .
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Fig 42! Graph of absorbance against time for
Fe-pyrogallol complex Mmax’ 560nm)
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Table 4.10 lron determination using the digestion /TCAA Filtrate and pyrogallol as

Colorimetric reageul (mg/100g powder),

S/No. Formula Wet Digestion | Furnace Digestion | TCAA Filtrate
; NAN Mecan 6.28 5.62 5.02
SD 0.03 0.02 001
%RSD 0.40 0.36 0.19
2 | COWBELL | Mean 467 485 420
SD 0,47 0.05 0.20
%RSD 10.i0 0.36 476
3 BLBELAC | Mean o8 5.40 5.62
SD 0.08 0.7 0.02
%RSD 129 13.15 0.36
4 SMA Mean 7.17 6.69 7.47
SD 0.12 0.41 0.13
%RSD 1.67 6.13 1.74

5 [-ER Mean 691 555 495 |
sh 0. H 0.05 0.05
%RSD t.59 0.90 1.0l




Table 4.11

Colorimetric reagent {Mean % Recovery)

S/No Formula Wet digestion | Furnace Digestion | TCAA filtrate
I NAN Mean 88 43 83 95 82 80
.'\'I). 1.23 451 028
2oRSD 1.39 537 034
[ 2 | COWBELL | Mean | 7900 | 7600 | 7893 |
SD 082 065 241
2BRSD [.04 086 353
3 | BEBELAC | Mean | 8®002 | 8050 | 8506
SD 437 384 0.53
2aRSD 546 4.77 062
G| SMA | Men | sess | sisa | ssdae |
SD 341 2.78 1.23
%oRSD 546 340 1.39
5 1 TTER | Mem | m1s 81.92 0043
SD 250 2 80 .55
2RSD 304 342 1.72

45

Added Fe recovered Using the digest/TCAA Filtrate and Pyrogallol as



Table 4.12

(mg/100g powder).

Major

Elements determination

46

using the wet digestion and (AAS)

S/No Formula Ca Mg Na K P
l NAN Mean | 40650 | 3720 | 12867 [ 53039 | 206 35
sp | 650 | 016 | 262 003 2.59
2uRSD | 6O 03 204 00l .26
2 [ COWBELL | Mean | 43100 | 4203 | 13493 | 45100 | 213 60
SD I 42 0.05 009 828 3 96
2oRSD 032 Ui 007 1 84 .85
3 BEBELAC | Mean | 38333 | 36.17 | 11850 | 570.83 | 245 00
SD 249 | 013 108 0.85 0.82
%RSD | 065 | 036 | 009) 015 0 34
4 SMA Mean | 35180 | 4242 | 13767 | 47750 | 241 67
SD 0 36 010 024 204 4064
%RSD | 010 | 023 | 017 043 1 92
5 I-ER Mean | 453.67 | 58.81 | 273.37 | 685.00 | 221 77
SD 449 | 006 | 124 2.45 1.36
2HRSD () 98 010 t) 45 0306 061
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The 2. and detection limits of the complex were tound 1o be 560nm and 1.00 - 19 95ppm
respectively Fig. 4 3. 4 4 and 4.5 The eflect of diverse 1ons commenly found in milk was
investigated and it was only copper that interfered seriously. 4. 00ppm of Cu ions interfered
during the determination of 10ppm of Fe but this interference could be masked with 10%

solution of thiourea (Fig 4 6)

Table 4 11 shows the added iron recovered as determined by the method in the three sample
preparations. It is obvious from the table that the CTCAA) filtrate with recoveries ranging
from 79 - 90% ollers the best sample preparation method for the determination. Wet digests
with 79 - 88 43% follows closely and the furnace digest with recoveries of 79 - 83 95%. The
fow percent recoveries could be due to incomplete complexation and 1o some aerial
oxidation of the won. However, the low values of percent RSD testify 1o mumimum levels of

experimental error with the method.

A r-test at 95% confidence limit performed on the difference obtained from the results of the
colorimetry (Table 4 10) with AAS results showed r-calculated tor the wel method to be
+0.56 and the furnace method to be 1127 However, with the TCAA method a 7~ £3.11
which is higher than f,0s = 277 was obtained showing that it doesn’t give statistically

equivalent result with the AAS method [Appendix 1 (TV)]

4.7 Determination of Major Components of the Sample/Statistical Comparison of

Results.

An assessment of the other components of the samples namely: Na, K, Ca, Mg and P, and
other parameters such as moisture, ash, acidity. protein, fat, lactose and chloride content of
the samples was made. This was with the view to assess the dietary qualities of the formulae
Tables 4 12, 4.13 and 4 14 show the results obtained for the macro elements using the three

sample preparations, and Table 4 15 shows the results for the other components of the
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4%

samples. In other to relate the values oblained for each of these determinations with the

manutacturer’s quated values, it was necessary to perform a student-f-comparison test,

Appendix 1 {V) shows the varnous s-calculated obtained from the differences between the
expenmental and manufacturers’ mean values for each of the parameters at 95% confidence
limit and at £ = 2 degrecs of i'récdom, fogs = 14.304 from a closer look at the table the 75 {or
some of the parameters for the individual milk samples exceeded fps. This tendency
coinotes that those results might not belong to the same statistical population with the
manufacturers’ result. This could be linked (0 the method of analysis used by the
manufacturers. The results obtamed for Cu, Zn, and Mn conform to the tesults quoted by
the manufacturers, as evident by their low 75, The results from olher parameters vary from
sample to sample ‘The disagreeable results obtained from comparison of the moisture
content can be attributed to handling during the analysis, as the milk samples attract

moisture rapidly on exposure,
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AAS/FES

Table 4.13 Major Elements Delermination using Furnace BDigestion
(mg/100g)
S/No Formula Ca Mg Na K 1
| NAN Mean | 420,00 | 3522 1 12293 | 52718 | 19413
~D | 4.08 0.14 0.34 3.04 7.77
%RSD 0.97 0.40 0.2% 1.63 4.00
2 COWBELL | Mecan | 453.67 | 39.76 | 133.80 | 43641 | 20594
sb 047 (.93 G106 220 (.30
%RSD | 010 234 0.12 .51 0.15
3 BEBLLAC Meaan 343,67 | 3338 | 11858 | 503406 | 24207
5D | 89 0.13 011 0.51 (R
%RSD (.55 (.39 0,009 (.09 0.40
4 SMA Mean | 33367 | 4004 | 13586 | 47523 | 235.00
SD 0.34 0.04 0.37 .29 1.41
%RSD | 0.10 0.10 0.27 0.06 0.60
5 I-ER Mean | 42547 ] 33.09 | 27057 | 68541 { 21716
SD 0.97 0.24 0.31 718 0.60
%RSD (.23 (.45 012 .05 0.28
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Table 4.15 Summary of the Results in (g/100g) of Other Parameters in the Formulae -

Morsture

 hornde

S/No Formula Asl Acidiny Protern I Lactose | tmg/100g)
| NAN Mean 554 L [}] 62 12.72 24 00 ni) 34 048
Sh nnl 009 (ol nnr n 24 023 0nond
oS (I 2 u 1.29 055 | 0} iax 0naR3

2 | cowBELL | Mean 007 ) 0% TR 1030 od | 5779 | 037
Si 0ol 1 0004 0ol 020 021 1ol
%LRSIY it 1ot (A 0 1y 0 () 0 ) 16

T3 I BEBELAC | Mean | 298 101 056 | 1200 | 2027 | 5564 043
b B ] )y TN HNEN! 0o 007 (FRTR 00l
ToRSD) 167 |ty (1 %9 017 (24 008 1 1o

4 j SMA .:\.lL'.'m Y V.18 0ss 12 2 .:’h 04 765 |0 12 a
s not 0nn7 fnnl (003 0o (.00 0.05
"uRSD () K6 222 09l 024 oll 016 1592
5 1R Maan 251 103 0,63 12 87 1ol 1264 045
S (o 0ol 112 00| ) 51) 30 1.1}
"aldSt) {1 8 {6 17 06 1.21 1.7 {3133




CHAPTER 5
CONCLUSIONS AND SUGGESTIONS

Colorimetric method is ideal for rapid and sclective determination of the metals in infant
milk formula  This is evidenced in the comparability of the results obtained using the
methods with atomic absorption spectrophotometric (AAS) technique  The interference
of coexisting metal ions were satisfactoniy reduced to achieve equivalent results with the

AAS method

The reagents - 2.2 -bipyndyl and 1. 10-phenanthroline. used in the determination ol iron
vive equivalent results with the AAS method  However, sample preparation involving
wet digestion prior to colorimetiic determmnation using 2.2°-Bipyridyl ollers the besi
result  In copper analysis furnace digestion prior 1o colonimetric determination pave the
best result while in zine. the tiichloroacetic acid method was better  However, further
improvement in the trichloroacetic acid method would be necessary with regards to its
simplicity and rapidity  Manganese. cobalt and lead were not detected in colorimetric
method. 1t is sugpested that an attempt be made at modifying the colorimetric methods

for very trace determination of these metals

Among the six reagents mvestigated in the search for new colorimetric reagents only
pyrogallol gave positive result with iton (1) ion  The sensitivity of the method was
found 10 be low as depicted by its detection limit - Although this is not a limitation fo the
determination of iron in infant miltk. the method could detect wwon at a very :low
concentration. The results obtained with this new method gave equivalent results with
AAS method  However, the wet digestion preparation method prior to colorimetric
determination. offers the best result using the method  Attention should be focused on
improving the sensitivity of the method and also adapting it for the determination of

iwon(11)
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The agreement of the experimental results of analysis of the other parametets in the
mfant milk formula. with the manufacturers spectlications has been hmited  Only the

results for copper. zine. and manganese compared well
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APENDIN 1 (D)

D0

Statistical Comparison of the Methods for Cu with AAS method at 95% confidence

limit (X > Dilference between pair of results, 7 > Student - 7 - stastistic)

Wet Method

Furnace Method

TCAA Method

Formula

Colonm Vs AAS

Colonm Vs AAS

Colorim Vs AAS

S S o
X (X- X) X IN- X) X (X- X).
 NAN 000 A9 | 082 ast | o | woos
COWBELL | 0w R 005 003 000 006
" BEBFLAC | 012 | x| wom ool | o) Tons
TUOSMA | we | was | e | e 404 003
TR | e TR 026 028 | 6 (10
S X 096 T 0
—— — S
X 0 02 007
X~ Xy 00 i 40 0o
' | fose ETTRT BT
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APENDIX 1 (1T])
Statistical Comparison ol the Metods for Zn with AAS method at 95% Conlidence

limit (X > Dillernce between pair of results, £ Student - 1)

Wet Method Furnace Method TCAA Method
Formula Colorm Vs AAS Colonm Vs AAS Colonim Vs AAS
1 B - P S s
X (X- X3 X (X- Xy X (X= X
NAN 1M 120 no7 | w0 0 T 01s
COWBELL | ose | oos [ 1oy nee | w1 | o
BEBIIAC | 1o 24 | e I8 il T D16
SMA TR o7 | 06 n2s | o037 [ o3z
SR SR | W | | E——— |/ —— I
I-ER (T A) i L)AT 4113 17
S SRS TN . S S NS S
¥X -2.52 -1 84 021
X -0 504 07 00k
FUX - XY 738 (79 02
0 xesy T ase | U sess |




APENDIX 1 (IV)

OR

Stastistical comparison of the Methods for Fe Using Pyrogallol with AAS Methods at

05% Confidence (X —> Dillerence between pair of results, 1 —> Student - 7 - Statistic)

Wet Method

FFurnace Method

TCAA Methad

Formmula

Colonim Vs AAS

Colonim Vs AAS

Colorim Vs AAS

———— e e e r——————ly
X (X- X) X (X- N X (X- X

 NAN NE 022 T 024 0 80 033
cowBELL | 123 | o | 077 ] o 118 00
BRI AC 74 208 104 62 006 -1 07
BT BT A BT B BT 3T 6
CLER 020 004 [ 19 vl 132 019

S X o7 | T 562

X 0134 1SR 13

FUX- X) 713 117 2.64

I T 1056 Fe—) V127 ¥ 311
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APENDIX 1 (V)

99

Student - 7 - values obtained by comparison of Experimental and Manufacturers’ mean values.
Formula | Protein | Fat | Lactose | Moisture |  Ash Ca 7 K Na Mg P Cl- Fe Cu | Zn Mn
NAN =520 | 21445 _ - +561.18 | =1540 | £1.42 _ +2286 | =089 | £ 1948 | =3527 | £3897 | 23464 | =346 | =416 | =069
31,10 h |
__ _ _
COWBELL | =28.86 | =398 | =3415 - - | =872 21046 | =57.86 | =70.32 | £6.3] +346 | 2462 | 2173 | 22.17 | = 3464
| | | | |
BEBELAC | =18.19 2 - - =762 | =41.65 | £ 99.58 = + 1358 | £2335 | £12.82 | 25691 | =1.73 _ =062 | =8.66
| | | | |
_ 130.39 | I87.06 _ _ _ [ 12396 _
| _ _ " . _ H
SMA | =2078 | =4387 | =4330 | = 8718 | =3.7] = 1949 _ =382 (21682 = |[23417] 2035 [ 27967 | =294 | =303 | =243
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APPENDIX 1 (VD) Statistical Analysis of Variance for Iron Determination at 5% point

of F.
Source df  ss ms I calculated F-table
Replication 3 818 273 5.74 2.76
Method 2 318 159 3.35 3.23
Variety 4 6,01 1525 32.11 2.6}
MxV 8 831 1.04 2.16 2.18 '
lirror 42 1995 048
Total 59 100,63 21.098

Deduction:  The Calculated F-Values exceeded the tabulated F- values in all cases, expeept
in the meethod Variety interaction, showing significant Variations in the
results. The Variations are shown in LSD table below.

Source L.SD Mean - Ranking
Replication 0.42 s Iy I I

6.45 5.77 5.61 5.53
Method 0.37 wet TCAA Dry

608 590

5.55

Variety 0.47 SMA |'ER NAN COWBELL BEBELAC

7.34 634 5.83 5.04 4.57

df - degree of freedom; S8 - Sum square
ms - mean square; LS - Least significance

ry, 15, 13, and ry = 1,10-phen., 2,2- Bipy., Pyrogallol and AAS rcspcctive]_t,".
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APPENDIX I (VII) Statistical Analysis of Variance for Copper Determination, at 5% .
point of F.

Source | df ss ms F-calculated F-table
Replication 1 0.06 .06 2.14 4.00
i
Method 2 0.07  0.03 1.14 3.74
Variety . 4 0.03  0.01 0.24 3.34
| N
MxV | 8 022 003 0.93 270
Lirror : o 4 040 003 | - -
Total 29 0.77  0.16 - -
Deducuction: The calculated - ¢ in all cases was lower than the tabulated F values,
showing that there are no significant variations in sources of the
analysis.

.

MXV - Mecthod - Variety intieraction
df - Degree of freedom, §S - sum square

ms - Mean square
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APPENDIX | (VD)

Statistical Analysis of Variance for Zinc Determination at 5% point of F

Source df sS ms F-calculated F-Table
Replication 1 0.05 0.06 0.17 4.60
Method 2 1.0} 0.51 1.70 3.74
Variedly 4 7.95 1.99 6.70 3,34
MXV 8 (.58 0.07 0.25 2.70
Frron 14 4.16 (.30
Total 29 13.75 2.91 - -

Source L.SD Mean - Ranking

BEBELAC, SMA NAN I-ER, COWBELL
Variety 0.55 4.22 372 3.50 3.47 2.63

Deduction;  The calculated IF Value exceeded the tabulated IY value only in the results of
the variety, implying significant variations in the results. This variation is
shown in the 1.SD table above.



