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Abstract Additional consideration is that most research to datehas focused on the effects of anemiabut few works has
been done to investigate whether iron supplement foods and drugs has the accurate specification as claimed by manufacturers.
In this instrumental analytical study, two methods (viz: Colorimetry and Spectrophotometry) were utilized to investigate the
level of Fe contents in branded capsules and their respective tonics marketed in pharmaceutical stores within Aliero me-
tropolis, Nigeria. The comparative test analysis of iron content in five branded Tonics and their Capsules using two different
methods revealed that none of the capsules have the same amount of label iron contents with their corresponding tonic
equivalents. Capsule A;, A,, A;, Asand As showed a difference of 0.465mg/L, 0.26mg/L, 1.472mg/L, 0.897mg/L and
1.114mg/L, with their respective Tonics using Spectrophotometric method, while in Colorimetric method, capsule Aj, A,, As,
Ayand As showed a difference of 3.65mg/L, 3.15mg/L, 0.77mg/L, 4.14mg/L and 4.64mg/L with their corresponding Tonics.
The correlation coefficient value (R”) was high and positive for both Spectrophotometric and colorimetric standards. The
values were 0.998 and 0.964 respectively. On the same fashion, the sensitivity of Analytical methods was observed by dif-
ference to favour Spectrophotometric than it does for the colorimetric method.
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and logistical issuesremain to be resolved.

1. Introduction

Iron is required for a number of vital functions which in-
clude: oxidative metabolism, reproduction, cellular growth,
wound healing, execution of various metabolic processes.
The main role of Iron is to carry oxygen to the tissue where it
is needed. It is also essential for the proper functioning of
numerous enzymes involve in DNA synthesis, energy me-
tabolism, and protection against microbes and free radicals,
because free radical produced in the body can promote the
development of heart diseases and can damage cholesterol in
the blood[1]

Iron supplementation remains an important strategy for
the prevention and treatment of iron deficiencyanaemia and
can produce substantial improvements in the functional
performance of iron deficient individualsand populations.
Many potential benefits of iron supplementationrequire
further exploration, including its specification in claimed
labelling. Supplementation with iron tablets is the most
widely usedapproach to controlling the global problem of
iron deficiency/anaemia. Much has been learned from our
experiences withiron supplementation, but many scientific
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There are two forms of dietary iron: heme and non-heme.
The heme is derived from haemoglobin, heme iron is found
originally in animal food that originally contains haemoglo-
bin such as fish and poultry. Iron in plant foods such as len-
tils and beans is arranged in a chemical structure called
non-hemeiron[2]. This is the form of iron added to
iron-enriched and iron-fortified foods. Heme iron is ab-
sorbed better than non-heme iron, but most dietary iron is
non-heme iron[3].
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Figure 1.1.  Structure of Hemoglobin
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Iron deficiency anaemia, a reduction in the haemoglobin
concentration of oxygen-carrying capacity of blood. Anae-
mia is characterized by loss of appetite, abdominal pains,
tiredness, shortness of breath and headaches. Iron deficiency
may result from lack of iron in the diet, inadequate absorp-
tion from the gut, or losses, usually through bleeding. For
example: Iron deficiency anaemia affects 10-15 percent of
women of menstruating age because the iron they lose in
menstrual blood exceeds the iron obtained from food.
Therefore, women with high menstrual losses may need
higher iron intakes. Too much iron is toxic. An excess can
damage the heart, liver, and pancreas, and irritate the gut
causing constipation or diarrhoea[4].

Colour Matching: Several methods for Fe analysis in-
clude: Spectrophotometric method such as kinetic spec-
troscopy, atomic absorption spectroscopy, flame atomic
absorption spectroscopy, UV/ visible spectroscopy, optical
emission spectrometry, Infrared (IR) spectroscopy, induc-
tively coupled plasma emission spectrometry (ICP-AES),
Colorimetric methods such as visual and photoelectric col-
orimetry and High performance liquid chromatography
(HPLC).The most adopted colour matching methods are the
spectrophotometric and colorimetric methods. These meth-
ods are based on the change in intensity of the color of a
solution with variations in concentration, it represents the
simple form of absorption analysis, it is cheap, quick and
there is an increase in sensitivity and accuracy when used to
measure the color intensity of a sample compare to other
methods[5-11]

Ferric and ferrous compounds contains iron in both +3 and
+2 oxidation states. The ferric and ferrous refers to iron-
containing compounds. In chemistry, the term ferric is re-
served for iron with oxidation state of +3, also denoted iron
(1) or Fe** on the other hand, ferrous refers to iron with
oxidation state of +2 denoted iron (IT) of Fe** The oxidation
state of iron (IT) is obtained when iron metal is dissolved in
non oxidizing acids such as hydrochloric or dilute sulfuric
acid. Insoluble ferrous hydroxide, Fe(OH), is a white ge-
latinous solid which turns green turn reddish- brown as it is
oxidized to the ferric state on exposure to air. Solutions of
ferrous salts have a pale green color and are also oxidized by
air to ferric salts[12]

Iron (IIT) is usually the most stable form of iron in air. In
water ferric iron forms compounds that are often insoluble. A
salt of ferric ion hydrolyses and produces iron (III) ox-
ide-hydroxides while contributing hydrogen ions to the so-
lution, lowering the pH[13]. Most iron containing proteins
contain ferric ions at least transiently such as ferritin, oxy-

haemoglobin, cytochromes and iron-sulfur clusters. Iron (III)
is obtained when iron is dissolved in oxidizing acids or when
ferrous solutions are oxidized. Although ferrous hydroxide is
a fairly strong base, ferric hydroxide is much weaker. The
hydrated ion acts as an acid.
Fe(H,0);+ H,0 — Fe(H,0)s(OH)," + H30" (1)
The oxide Fe,O known under many descriptive names is
used as paint pigment, polishing compound and rouge. Ferric
iron is detected by blood-red reaction product with thiocy-
anate ion which forms ferric thiocyanate [14].
FeCl, + 3NH,CNS—Fe(CNS); + NH,Cl
(a) COLORIMETRY (Thiocyanate method)
Thiocyanate (also known as rhodanide) is the anion (SCN")
and is the conjugate base of thiocyanic acid. Thiocyanate is
analogous to the cyanate ions (OCN’), where in oxygen is
replaced with sulfur. (SCN) is one of the pseudo halides, due
to the similarity of its reaction to that of halide ions. Thio-
cyanate used to be known as rhodanide (from a Greek word
for rose) because of the red color of its complexes with iron.
Thiocyanate is produced by the reaction of elemental sulfur
or thiosulfate with cyanide.
8CN™ + Sg— 8SCN’ 3)
CN + $,0;"—SCN™ + SO,* 4)
The second reaction is catalyzed by the enzyme known as
rhodanase and may be relevant to detoxification of cyanide
in the body.Stated below is theresonance structures of the
thiocyanate ions.

@

S=C=N—S=C=N

Thiocyanate shares its negative charge approximately
equally between sulfur and nitrogen. As a consequence,
thiocyanate can act as a nucleophile at either sulfur or ni-
trogen it is ambidentate. In the test for iron (III), if SCN is
added to a solution containing iron (III) ions (Fe’"),a blood
red solution is formed due to the formation of (FeSCN)*
which indicates the presence of Fe’".

Fe3+(aq) +SCN(aq) i (FQSCN)2+(aq)

Iron (Fe) is in +2 oxidation state in the above equation.

The change in the intensity of the color varies with con-
centration, and the more the intensity of color, the more the
absorption[ 14]

Basically, A colorimeter is used in the quantification of
solute in a solution, It operates at visible light region and is
only used to determine colored species or solutions. In
colorimetry, the more the analyte present, the more the in-
tensity of the color and; the more the absorption. Hence, the
absorption is directly proportional to the concentration of the
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analyte [15].
6 7

Keys: 1-light source(Tungsten lamp) 2-collimating lens 3-monochromator4-slit 5-sample cell 6-photoelectric cell 7-galvanometer

Figure 1.2.

Schematic diagram of a colorimeter[15]
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The amount of light absorbed by a solution is governed by
factors of path length through which the light travels and the
concentration of the solution as expressed in the
Beer-Lambert law[15].

(b) SPECTROPHOTOMETRY (1, 10 — Phenanthroline
method)

The reaction between ferrous ion and 1, 10-phenanthroline
serves as a sensitive method for iron determination. Two
equations are involved in this process:

1). The conversion of ferric ion to ferrous ion by the use of
excess hydroxylamine

4Fe” (1ot 2NH,OH.HCl(yq—
3Fe” ug T NoOpag) + 4H g + HxOp (6)
2). Thecomplexing of ferrous iron with o-phenanthroline
Fe'(aq) +3 CLH:N; (aq) —[(C1:HoN2)3Fe] (aq)
(orange-red complex)

Or simply,

Fe* )+ 3 pheng,q — Fe (phen);”” (orange red complex) (7)

Deuterium Lamp
Tungsten lamp

Photomultiplier

Grid mirror

Concave grating

Sample Sector mirror

Figure 1.3. Schematic diagram of a UV-visible spectrophotometer

Fe is in +2 oxidation state in the above equations[16].

In Spectrophotometry, the intensity of the light that passes
through the sample under study depends on the amount of
light absorbed by the sample. UV-visible spectrophotometer
can operate both as a colorimeter and spectrophotometer i.e.

operates at both UV (unable to view with the eyes) and
visible and most importantly operates with both colored and
colorless solution [17].

JUSTIFICATION: Iron is an absolute requirement for
most forms of life and is one of the many minerals required
by human, especially lactating and menstrous women. The
production and sale of unwholesome iron capsules or drugs
is quite at an alarming rate. The need to quantitatively esti-
mate Fe content, as well as comparison with legislatively
acceptable standards portrayed in manufacturers label calls
for this present research. This research is aimed at estimating
the iron contents in multivitamins from pharmaceutical
stores within Aliero metropolis.

The objectives are stated thus,

i. To estimate iron in reduced oxidation states using 1, 10
Phenanthroline method.

ii. To qualitatively compare the concentration of iron us-
ing both colorimetric and Spectrophotometric methods.

iii. To qualitatively compare the concentration of iron for
the capsules with those of their corresponding tonics

2. Materials and Methods

The materials used in carrying out this research work in-
clude the reagents, instruments and apparatus presented
below.

Beside the use of routine laboratory apparatus and
equipment, the following also finds application in this re-
search.

Ten brands of Multivitamin drugs (five capsules and five
tonics) were procured from pharmaceutical stores within
Aliero metropolis of Kebbi State. They were stored at room
temperature 25+2°C and as prescribed on their instruction
leaflets. Samples were used as received except for the color
matching.Besides the non-displayed of the existing legisla-
tive registration numbers on grounds of confidentiality, other
specifications were provided in Table 2.3 below

Table 2.1. List of Reagents
Reagents Grade Mol.weight % purity Manufacturer Country
Sulfuric acid AR 98.08 98 Fisons England
Ferric ammonium sulfate LR 482.19 99 NS NS
Ferrous ammonium sulfate LR 392.14 98.8 NS NS
Potassium permanganate AR 158.04 99 BDH England
Hydroxylamine.hydrochloride LR 69.49 98 NS NS
Ammonium acetate GPR 77.09 NS H&W England
Ammonium Thiocyanate LR 77.08 98 R&D Germany
Keys: AR-Analytical Reagent, BDH-British Drug House, NS-Not specified, LR-LAB Reagent, GPR-General Purpose Reagent.
Table 2.2. Lists of Apparatus
Equipment Model Manufacturer Country
Electronic balance JT201N Sartorius England
Uv-visible spectrophotometer SM752S Surgispec England
Colorimeter Bausch and Lomb Germany
Conductivity meter DDS-307 B-Bran scientific England
pH meter LOWAS52001 Barnstead international USA
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Table 2.3. Sampling Data
Sample ID Form Major constituent Mass in (g) FeTc}(I)eni:;ttlc(?rllg)
Ay Liquid Ferric ammonium citrate 0.3 12mg
A, Liquid Ferrous gluconate 0.9 l16mg
A; Liquid Ferric ammonium citrate 0.5 41mg
Ay Liquid Ferrous glycine sulphate 0.5 47mg
As Liquid Ferrous gluconate 0.5 l6mg
B, Solid Ferrous fumarate 0.5 18mg
B, Solid Ferrous fumarate 0.5 49mg
B3 Solid Ferrous fumarate 0.5 100mg
By Solid Ferrous fumarate 0.5 49mg
Bs Solid Ferrous fumarate 0.5 16mg

Key: A- Tonics B-Capsules

Steps for the Preparation of Fe'" standard solution.

An accurate 3.0g of Ferric ammonium sulfate was
weighed into a mortar and a pestle was used to grind the salt
to a fine powder.

1. An accurate 2.41g of the powder was weighed into a
100mL beaker and 20mL of concentrated sulfuric acid was
added. The powder was left to soak in acid overnight.

2. The acid/powder slurry was poured into a 500mL
volumetric flask, and made up to the mark with distilled
water.

3. The solution of ferric ammonium sulfate was left for
several days to dissolve.

4. A standard solution of ferric ammonium sulfate was
prepared by pipetting 10mL of the Fe'* solution into a
500mL volumetric flask, 10mL of sulphuric acid was also
added and made up to the mark with distilled water.

5. The procedure was repeated in separate S00mL volu-
metric flasks, pipetting in 20, 30, 40 and 50mL of Fe’
standard solutions in turn.

Preparation of 1mol/LL. Ammonium Thiocyanate solu-
tion: A precise 38g of solid ammonium thiocyanate was
weighed into a 500mL volumetric flask and made up to the
mark with distilled water.

Preparation of 1mol/L Sulphuric acid: A measured
55.4mL of Sulfuric acid was added into a 500ml volumetric
flask containing about 250ml of distilled water and then
transferred into 1 liter volumetric flask and made up to the
mark with distilled water

Preparation of 0.15 mol/L. Potassium permanganate
solution: Potassium permanganate of 2.4g was weighed into
a 100mL volumetric flask and made up to the mark with
distilled water.

Steps for the Preparation of the iron Capsules /
multivitamins sample solution for analysis

1. The content of the iron capsule was weighed accurately
and placed in a beaker and a measuring cylinder was used to
add 20mL of 1mol/L sulfuric acid. The content of the capsule
was allowed to dissolve.

2. Potassium permanganate of 0.15mol/L solution was
added drop wise to the dissolved iron capsule, swirling the
beaker after each addition, for the first addition of perman-
ganate, the purple color disappeared immediately upon
adding to the iron solution, as further drops were added the
color lingered a little longer, addition of KMNO, was

stopped when the purple color persisted for several seconds
after the addition (not more than 2mL was added).

3. The iron solution was transferred to a 250mL volumet-
ric flask and made up to the mark with distilled water.

4. Using a pipette, SmL of the iron solution was trans-
ferred to a 100mL volumetric flask and made up to the mark.
The diluted solution was used for colorimetric analysis.
Test Run (Colorimetric analysis)

1. An accurate 10mL of the sample solution was measured
into a clean, dry 25ml beaker. 10mL of each Fe’" standard
solution was measured into separate boiling tubes in order of
increasing concentration.

2. Precisely 1mL of 1mol/L ammonium thiocyanate solu-
tion was added to each iron solution in sequence with 2
minutes between each addition using a 10mL measuring
cylinder.

3. A stable red color appeared over few minutes after
mixing the solutions by swirling.

4. The absorbance at wavelength of 490nm for each col-
ored solution was measured using a colorimeter after 15
minutes of adding Thiocyanate.

Determination of Iron by 1, 10 Phenanthroline
Steps for the Preparation of Fe’* standard solutions

1. An accurate 0.07g of ferrous ammonium sul-
fate(Fe(NH,4),(SO,),.6H,0) was weighed and dissolved in
water, the solution was transferred into a 1litre volumetric
flasks and 2.5mL of concentrated sulphuric acid was added
and diluted to the mark.

2. The sample to be analyzed was weighed (iron capsules
or tonics) and transferred into a 100mL volumetric flask
and 2.5mL of sulphuric acid was added into a volumetric
flask and diluted to the mark.lmL aliquot of this solution
was transferred to another 100mL volumetric flask and was
referred to as “prepared unknown”.

3. Standard iron solutions of 1, 5, 10, 25 and 50mL were
pipette volumetrically into five 100mL volumetric flasks.
50mL of distilled water was pipette into another flask to
serve as the blank. To each flask, including the “prepared
unknown”. 1mL of hydroxylamine solution, 2mL of 1, 10
phenanthroline solution and ImL of the ammonium acetate
solution was added. All the solutions were diluted to the
100mL mark and allowed to stand for 10minutes with occa-
sionally swirling the flask.

4. The blank and one of the iron solution prepared above
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was used as a reference. The absorbance was measured at
different wavelength in the interval of 400-600nm, and the
readings were taken 20nm apart. A curve of absorbance and
wavelength was plotted.

5. The absorbance of each standard solution and unknown
were measured at the selected wavelength (500nm) the curve
of absorbance vs. concentration was plotted.

Preparation of 0.001M of 1, 10 phenanthroline solu-
tion: An accurate 0.1g of 1, 10 phenanthroline was weighed
into a 100mL volumetric flask and made up to the mark with
distilled water.

Table 3.1.

Preparation of 0.1M of ammonium acetate solution :A
precise 10g of solid ammonium acetate was weighed into a
100mL volumetric flask and made up to the mark with dis-
tilled water.

Preparation of 0.1M of hydroxylamine hydrochloride
solution: An accurate 10g of hydroxylamine hydrochloride
was weighed into a 100mL volumetric flask and made up to
the mark with distilled water.

3. Results and Discussion

pH and Conductivity measurement of sample solutions

Measurement prior to Colorimetric

Measurement prior to Spectrophotometric

Sample ID Analysis Analysis
pH Conductivity(us/cm) pH Conductivity(us/cm)
Ay 5.42 (3.26) 5.11 (2.86)
A, 5.02 (3.20) 5.05 (3.30)
A; 4.20 (2.88) 5.06 (3.70)
Ay 4.84 (3.24) 4.84 (3.24)
As 4.46 (3.16) 5.02 (3.34)
B, 4.60 (3.60) 424 (2.14)
B> 432 (3.00) 4.65 (3.30)
B; 4.90 (3.78) 420 (3.24)
B, 4.88 (3.06) 4.94 (3.38)
Bs 4.67 (2.96) 4.90 (3.00)

Keys: A- Capsules B-Tonics

Table 3.2.
and 500nm respectively

Experimental data for Standard Curve for both Thiocyanate (Colorimetry) and O-Phenanthroline (Spectrophotometry) at wavelength of 490nm

Colorimetric Method

Spectrophotometric Method

Concentration (ppm) Absorbance Concentration (ppm) Absorbance
2.79 0.13 0.103 0.040
5.58 0.24 0.515 0.12
8.37 0.40 1.03 0.25
11.16 0.53 2.06 0.49
13.95 0.56 2.60 0.64

Table 3.3. Concentration reading of iron contents using Colorimetric and Spectrophotometric method

Iron Concentration (ppm) Using:

Sample ID Colorimetric Method Spectrophotometric Method
Linear equation(y) conc. (ppm) Linear equation(y) Conc. (ppm)
A 0.23=0.041x + 0.027 4.95 0.162=0.240 x+ 0.004 0.66
Ay 0.20=0.041x + 0.027 4.20 0.281=0.240x + 0.004 1.15
A 0.18=0.041x + 0.027 3.73 0.372=0.240x + 0.004 1.53
Ay 0.05=0.041x + 0.027 0.56 0.283=0.240x + 0.004 1.16
As 0.25=0.041x + 0.027 5.44 0.323=0.240x + 0.004 1.33
B, 0.08=0.041x + 0.027 1.30 0.051=0.240x + 0.004 0.195
B, 0.07=0.041x + 0.027 1.05 0.218=0.240x + 0.004 0.89
B; 0.21=0.041x + 0.027 4.50 0.018=0.240x + 0.004 0.058
B4 0.22=0.041x + 0.027 4.70 0.067=0.240x + 0.004 0.263
Bs 0.06=0.041x +0.027 0.80 0.056=0.240x + 0.004 0.216

Keys: A- Capsules B-Tonics

Table 3.4.

Comparison between iron Capsules and their corresponding Tonics

Iron concentration (ppm) using:

Colorimetric method in:

Spectrophotometric method in:

Capsule (A - As) Tonic (B, - Bs) Difference Capsule (A - As) Tonic (B; - Bs) Difference
4.95 1.30 3.65 0.66 0.195 0.465
4.20 1.05 3.15 1.15 0.89 0.26
3.73 4.50 0.77 1.53 0.058 1.472
0.56 4.70 4.14 1.16 0.263 0.897
5.44 0.88 4.56 1.33 0.216 1.114

Keys: A- Capsules B-Tonics
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3.2. Discussion

Effect of Ph on Colour Intensity

Table 3.1 gave the pH level and conductivity measure-
ments of the samples prior to analysis. The pH measures-
between 4-6 which tells that the samples are in acidic me-
dium. The measure of conductivity is an indicator of the
presence of charged species. High color intensity is an in-
dication of high absorbance, pH and conductivity. Table 3.1
clearly showed that Capsule A, in colorimetric method has a
higher pH value of 5.42 and hence a high conductivity value
of 3.26 compared to sample A; in Spectrophotometric
method with an absorbance reading of 5.11 and a conduc-
tivity reading of 2.86. Capsule Ajhas a lesser pH and con-
ductivity reading (5.02 and 3.20 respectively) in colorimetric
method compare to Capsule A, in Spectrophotometric
method with a pH reading of 5.05 and conductivity reading
of 3.30 and so on.it was reported that the intensity ofthecol-
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oris independent of pH in the range 2 to 9. The complex is
very stable and the colorintensity does not change apprecia-
bly over long periods of time. Beer's law is obeyed. The iron
must be in the ferrous state, and hence a reducing agent is
added before the color isdeveloped. Hydroxylamine, as its
hydrochloride, can be used to reduce any ferric ion as shown
below;

2 Fe”+2NH,0H+2 OH— 2 Fe* + N, +4 H,0 (8)

The pH is adjusted to a value between 6 and 9 by addition
of ammonia or sodium acetate.

Absorbance Reading and Calibration Curve

The absorbance readings at different wavelength was re-
corded between 400-600nm with 20nm intervals and it also
showed that the highest absorbance reading was at 500nm.
Fig 3.1 shows the curve of absorbance and wavelength which
was plotted from these readings for Spectrophotometric
analyses. The maximum wavelength which was found to be
500nm was taken as the wavelength at maximum absorbance
(Amax) used to carry out the analysis.The absorbance readings
obtained from iron standards in both colorimetric and Spec-
trophotometric analysis obeys the principle of light absorp-
tion which states that the absorption increases with increase
in the concentration of a solution[15].

Table 3.3presents the concentrations of the branded iron
capsules and tonics estimated from the calibration curve of
iron standards in both Colorimetric and Spectrophotometric
methods (Fig 3.2 and 3.3) using their absorbance readings
and a standard linear equation.

Capsules Versus Tonics Iron Concentration

The results obtained from the analysis of various branded
tonics and their respective capsules in Spectrophotometric
method as shown in Table 3.3 above clearly showed that
none of the branded capsules has the same concentration
with their respective tonics. Capsule A -As has higher con-
centrations of 0.66mg/L, 1.15mg/L, 1.53mg/L, 1.16mg/L
and 1.33mg/L respectively than their respective tonics B-Bs
with 0.195mg/L, 0.89mg/L, 0.058mg/L, 0.263mg/L and
0.216mg/L, while in Colorimetric method there is a slight
contrast in the result. Capsule A;, A& As with concentration
readings of 4.95mg/L, 4.20mg/L and 5.44mg/L has higher
concentration than their corresponding tonics of B, B, and
Bs with readings of 1.30mg/L, 1.05mg/L and 0.80mg/L.
Capsule A; and A, has less concentration with values of
3.73mg/L and 0.56mg/L than their corresponding Tonics of
B, and Bj; with values of 4.50mg/L. and 4.70mgL respec-
tively.

There is a wide difference between the capsules and their
tonics in both colorimetric and Spectrophotometric method
as displayed in Table 3.4 above. For Capsule A;, A3, A4 and
As there is a difference of 0.456mg/L, 1.472mg/L,
0.897mg/L and 1.114mg/L with their corresponding Tonics
in Spectrophotometric analysis. Capsule A, A,, A; and Aj
having a difference of 3.65mg/L, 3.15mg/L, 4.14mg/L and
4.56mg/L. with their respective tonics in Colorimetric
analysis. Capsule A, and A; in both methods showed a slight
difference of 0.26mg/L and 0.77mg/L respectively. This
result explained that though, the analysis of the tonics and

their respective capsules were carried out using the same
weight, the difference in the iron content is enormous.

The high difference between the theoretical iron content
and experimented iron content could be linked to the fact that
the theoretical iron content is the total iron and not of speci-
fication with reference to a particular oxidation state.

The high positive correlation coefficient values (R?)
measures the applicability of the two adpted instrumental
techniques. R? values in this research indicated that both
colorimetric and spectrophotometric methods finds applica-
tion in iron content estimation. This is reported as Fig 3.1 and
3.2 indicating high positive correlation .However, Fig 3.3
with R?=0.998 for spectrophotometergave a higher level of
fitness than that of a colorimeter (Fig 3.2) with R?=0.964.
This could be linked to the fact that the spectrophotometer is
capable of adsorbing through the UV region and not neces-
sarily for colored solutions owing to its high sensitivity and
design.

Sensitivity of Analytical Techniques

Very needfulis a comparison betweenthe efficacy of both
Colorimetric and Spectrophotometric analysis utilized in this
research. Table 3.3revealed that while the Spectropho-
tometric method clearly showed that the capsules has higher
iron content than the tonics. As such,capsule A, Ay, Aj, Ay
and Aspresented Fe concentrations of 0.66mg/L, 1.15mg/L,
1.53mg/L, I.16mg/L and 1.33mg/L with their correspond-
ingtonics iron contents estimated as 0.195mg/L, 0.89mg/L,
0.058mg/L, 0.263mg/L and 0.216mg/L respectively. The
Colorimetric method showed slightly different result indi-
cating that just three of the capsules (A;, A, and As) gave
4.95mg/L, 4.20mg/L and 5.44mg/L concentration values
which are more than their tonics 1.30mg/L, 1.05mg/L and
0.88mg/L while the remaining two have lesser content
(3.73mg/L and 0.56mg/L) compared to their tonics
(4.50mg/L and 4.70mg/L). This further shows that the use of
spectrophotometric method in iron analysis could be more
advantageousthan Colorimetric method.

4. Conclusions

From the highlight of this research;

i. The pH and conductivity measurement clearly showed
that the higher the pH, the more intense the color (high ab-
sorbance reading).

ii. The correlation coefficient was high and positive for
both methods showing their good applicability for iron es-
timation.

iii. Spectrophotometric method was found to be more
sensitive and also gave more precise and replicate results
than the colorimetric method.

The high difference between the theoretical and the ex-
perimented Fe content could be linked to the fact that the
theoretical iron content was presented as total iron and not of
specific oxidation states. It should be noteworthy that Total
Iron is determined by oxidizing any Iron(II) Iron(II)with
Persulfate. A Thiocyanate complex of the Iron(III) isformed
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in a dilute acid solution. A direct measurement of thel-
ron-Thiocyanate is made using a calibratedspectropho-
tometer at 474 nm. They are related as the equation below
Iron(II), g/L= Total Iron, g/L - Iron(Il), g/L )
iv. Finally, the results on this comparative test analysis of
the estimated branded tonics and capsules revealed that none
of the five tonics Fe contents conforms to their correspond-
ing capsule values, and that none of the capsule and tonics
corresponds with the product specification as claimed by
manufacturers.
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