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ABSTRACT

A rapid and sensitive spectrophotometric method for the determination of vitamin A and
vitamin E using Fe (Il)-1-nitroso-2-napthol detection system is reported. The in situ reduced Fe (Il)
formed green coloured complex with 1-nitroso-2-napthol which gives an absorption maxima at 708nm.
Beer’s law was obeyed in the range 4.0-14.0pg/mL for vitamin A and 4.0-24.0pg/mL for vitamin E
with relative standard deviation 1.7% for vitamin A and 2.2% for vitamin E. The molar absorptivity
was found to be 1.3x10* Lmol* cm™ for vitamin A and 2.5x10* Lmol" cm™ for vitamin E with the
co-relation coefficients 0.996 and 0.935 for vitamin A and vitamin E respectively. Optimization of
various factors was done to get the maximum absorption value. The proposed method is utilized
satisfactorily for pharmaceuticals, milk sample, fruit sample and different liquid samples of vitamin

A and vitamin E by pre treatment of samples.
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INTRODUCTION

Detection of vitamins by organic metal
framework is widely applicable in medicinal,
biochemical and general science'.The solubility of
vitamins are differ in different organic and aqueous
media, so the detection behaviour of the vitamins
also depends on the selected media taken. Vitamin
A and E are mainly detected using organic or organic
aqueous mixed solvent system?. Vitamin A belongs
to group of fat-soluble retinoid, including retinol,
retinal, and retinyl esters®5. Vitamin A enhances
immune function, reducing the consequences of

some infectious diseases. Vitamin A might have
additional roles, e.g., as protection against some
forms of cancers and in the treatment of skin
disorders®. In human diet vitamin A is present in two
forms preformed vitamin A (retinol and its esterified
form, retinyl ester) and provitamin A carotenoids’”®.
The major sources of preformed vitamin A are
animal sources, including dairy products, fish, and
meat (especially liver)®. By far the most important
provitamin A carotenoid is beta-carotene; other
provitamin A carotenoids are alpha-carotene and
beta-cryptoxanthin. Similarly, vitamin E is also a fat
miscible and exists in seven different forms which
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can be classified as a, B, v, 3, ¢, & and o tocopherol
0.0ut of all a-tocopherol is the most biologically
active form of vitamin E. a-tocopherol is used as
protective for polyunsaturated fatty acids within
membranes and lipoproteins' because it acts as
proxy radical scavenger. In nature vitamin E exists as
tocopherols and tocotrienols in the unesterified form,
the common food sources of these are vegetable
oils, nuts, green leafy vegetables, seeds, fruits and
fortified cereals'. Vitamin A has a vital role in many
biologic processes which are essential not only
for vision but also for embryonic development and
the regulation of proliferation and differentiation of
many cell types. Vitamin A has essential role and
importance in reproduction: deficiency as well as
excess is teratogenic in animals’.

In literature various methods was described
for determination of vitamin A in biological, food and
pharmaceutical samples such as that includes high-
performance liquid chromatography'-", fluorimetry®
and chemiluminescence®2° voltammetry?',
spectrophotometry/colorimetry®?-6.and vitamin
E that are suitable for their determination in feeds,
aquatic organisms, biological fluids and in dosage forms
by high performance liquid chromatography
(HPLC)2-%¢, HPLC-mass spectra®', inductively
coupled plasma atomic emission spectrometry®,
Voltammetric®*%, Spectrophotometric®*, fluorimetry*
and chronopotentiometry*', capillary zone
electrophoresis*. The determination of retinol and
o-tocopherol in edible materials chemically is rather
complicated**#4. Generally the extraction of lipids
containing retinol and tocopherol is done for removal
of the interfering substances and determination of
the both the vitamins. Frequently, the most suitable
method for tocopherol determination is Emmerie
and Engel method* and Carr Prise method* for the
determination of vitamin A.

In the proposed work the antioxidant
property of both the fat soluble vitamins is utilized
for the quantification of vitamin A and vitamin E in
pharmaceutical dosage form, edible material such
as fruit sample (Papaya), liquid drinks (Frooti),
Infant milk powder and multivitamin syrup. Both the
vitamin reduces Fe (lll) in Fe (Il) which then form
coloured complex with the specific reagent 1-nitroso-
2-napthol, that absorbance of coloured complex
will therefore determine the quantity of fat soluble
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vitamins in various samples. As the fat soluble
vitamins are sensitive to temperature and pH so the
solution of vitamins was stored in amber glass bottles
at very low temperature in refrigerator and solutions
were renewed every month for experimentation.

EXPERIMENTAL

Apparatus

A double beam Systronics UV-Visible
Spectrophotometer 117 equipped with quartz cell
of 1 cm light path was used to record the molecular
absorption spectra and absorbance at selected
wavelengths. A Hanna-H -198100 pH meter was
used to measured the pH of solutions.

Chemicals and Reagents

All the reagents were of analytical grade
and were prepared in ultra high purity water. Retinol
(Sigma Aldrich) and a-Tocopherol (Sigma Aldrich) used
were prepared in absolute ethanol. Absolute ethanol
and light petroleum were prepared from 95% technical
alcohol and ether used was of analytical grade.

Solutions
Vitamin A Acetate (Retinol)

Weight 0.1 g of vitamin A acetate and
placed it into round bottom flask.In the flask add
2 ml potassium hydroxide(50% w/v), 10 ml of glycerol
and 25 ml of ethanol and reflux the contents of round
bottom flask for 45 min on water bath and then allow
it to cool at room temperature. Place the mixture in a
separating funnel and extract with 4x25 ml of diethyl
ether and the combine the ether extract and allow
the extract to dry so that ether evaporates and the
dried mass is then dissolved in ethanol in a 100 ml
volumetric flask.

Vitamin E

Tocopherol solution (1 mg ml) was prepared
in absolute ethanol in 100 ml volumetric flask. Fe (1)
solution (1 mg ml'") was prepared by dissolving 0.1
g of ferric chloride in 100 ml of double distilled water
containing 1 ml of 0.01N hydrochloric acid. 0.2%
of 1-Nitroso-2-napthol was prepared in ethanol by
dissolving 0.2g of reagent in 100 ml volumetric flask.
1% sodium citrate solution was prepared in water by
dissolving 1g of it in 100ml volumetric flask.

Potassium Hydroxide solution (50% w/v)
was prepared by dissolving 50 g of KOH pellets in
100 ml of double distilled water.
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Procedure
Determination of vitamin A and E using
Fe(ll)-1-nitroso-2-napthol method

200 pg of Fe(lll) was placed a 10 ml of
volumetric flask wrapped with aluminium foil, add to it
aliquots of retinol solution then heat it for 1 min at 70°C
then add 1.0 ml sodium citrate followed by the addition
of 1.0 ml of reagent solution. The contents of the flask
was diluted with ethanol upto the mark after thorough
mixing and the absorbance of stable green coloured
complex was measured at 708 nm against a reagent
blank prepared similarly. The standard calibration curve
was constructed in an analogous manner by taking
different amount of vitamin A and E.

Analysis of Vitamin A/E in Pharmaceutical
Formulations

Sample Preparation: Five capsules
containing 400 mg of vitamin A/E were mixed
thoroughly and 0.1 g of this oily mass was transferred
into 100 ml round bottom flask. In round bottom flask,
2 ml of potassium hydroxide solution (50%, w/v),
10 ml glycerol and 25 ml absolute ehanol was added
and reflux it for 50 min at temperature 70°C. Cool it
at room temperature and then transferred the solution
into separating funnel and extract with 30 ml of ether for
10 minutes. Discard the aqueous layer and evaporate
the etheral layer to dryness and then dissolved the
dried mass in 100 ml of absolute ethanol.
Procedure

The amount of Vitamin A/E was determined by
following the same procedure that was used for Vitamin
A/E determination in pure form as described above.

Analysis of Vitamin A/E in Infant Milk powder

1 g of the the infant milk powder was taken
for the saponification.Procedure for saponification
was same as that for pharmaceutical formulations.

Analysis of vitamin A/E in Fruit Sample

Quantification of fat soluble vitamin in
papaya and mango was done. Take pulp of fruit
sample and freeze to dry and then this dry mass
of fruit pulp was taken for quantification of vitamins.
weight 5 g of dry pulp and add to it 2 mL of KOH
followed by the addition of 10 mL of glycerol and
30 mL of ethanol and then reflux it for 45 min at 70°C
then cool it and extract with 2x30 mL of petroleum
ether. Evaporate the contents of ether to dry and
then dissolve the dry mass in 10 mL of ethanol and
dillute the stock solution for further analysis.
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RESULTS AND DISCUSSION

Fe (Il) is known to form green coloured
complex with 1-Nitroso-2-napthol in between pH
range 7.7-7.9 using sodium citrate. Fe(lll) gets easily
reduced to Fe(ll) in the presence of lipid soluble
vitamins i.e. retinol and o-tocopherol which then
formed complex with reagent and the absorbance of
the coloured complex was measured at 708 nm and
the absorbance due to reagent alone was measured
at 412 nm. The absorption spectra for both the
vitamin A/E vs blank are shown below n Figure 1.
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Fig. 1. Absorption spectra of Fe (ll)-1-nitroso-2 napthol
Conditions :( Fe (lll) =200/pg,
Vitamin A=50/pg, Vitamin E=50/pg, 1-nitroso-2-
napthol=0.2/%, sodium citrate=1/%)
A, B=measured against blank
C= blank measured against water

The emission spectra of reagent, complex
and complex in extracted form were observed. it was
found that the fluorescence spectra of the reagent
shows quenching when complexed with metal as
shown below Figure 2.
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Fig. 2. Flouresence spectra of complex with and without
extraction with chloroform

In order to determine the optimum conditions
for the quantification of retinol and a-tocopherol,
various experimental parameters were investigated
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and the different optimized parameters were pH,
temperature, reaction time and concentration of
reagent. All the these parameters were determine
by using 50 pg of vitamin A and vitamin E dissolved
in absolute ethanol and the absorbance of green
coloured complex was measured at 708nm by using
a UV/Vis spectrophotometer.

Effect of Reagent Concentration

As the concentration of 1-nitroso-2-napthol
increases the absorbance was increased upto 1.0 ml
after that as the concentration of reagent increases the
absorbance started decreasing so 1.0 ml of the reagent
concentration is the optimum value of maximum
absorbance of the complex as shown in the Figure 3.

ABSORBANCE

0.0 o :7
Fig. 3. Effect of 1-nitroso-2-napthol concentration on
absorbance measured at 708/nm

Effect of Temperature and rate of reaction
Reduction rate of Fe (lll) to Fe (Il) increases
as we increase the temperature. Positive change
in absorbance and maximum value of absorbance
was measured at temperature 70°C above this
temperature absorbance value decreased. Also
the reaction rate of vitamin E was found to be more
than the reaction rate of vitamin A. Time was almost
double for the reduction of Fe (Ill) by vitamin A than
that of vitamin E. Four minute time was selected for
quantitative determination of both the vitamins.

Order of addition

Orders of addition have the key role to get
the maximum absorbance. It has been observed
that reagent must be added after the fully reduction
of Fe(lll) to Fe(ll) by the vitamins followed by the
addition of 1.0 mL of sodium citrate solution to
have the maximum absorbance. Other orders gave
incomplete oxidation-reduction reaction.

Prevention of photochemical reaction
Retinol and a-Tocopherol both are light
sensitive vitamins and easily oxidized by air. Several
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investigations were made to solve this problem, the
use of dark brown glass bottles was suggested. As
both the vitamins were easily oxidized so they should
store in refrigerator and determination of vitamins
should done in darkened room so, it was suggested
that we should use aluminium foil. Covering the flask
with aluminium foil provides a dark enviournment for
the reaction.

Analytical Data

Under the optimized condition the linear
calibration graphs were obtained for Absorbance
vs. amount of vitamin A and absorbance vs amount
of vitamin E. vitamin A shows a linear calibration
graph between the concentration range 4.0-14.0 pg/
mL with co-relation coefficient (r?) 0.996 and vitamin
E shows a linear calibration graph between the
concentration range 4.0-24.0 ug/mL with co-relation
coefficient 0.935 as shown in Table.1. The calibration
graph for both the vitamins i.e. vitamin A and vitamin
E is shown in Fig. 4 and Fig. 5 respectively.
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Fig. 4. Effect of vitamin A concentration on absorbance of
complex measured at 708/nm
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Fig. 5. Effect of vitamin E concentration on absorbance of
complex measured at 708/nm
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Table 1: Statistical Data for vitamin A and Vitamin E

Parameters Vitamin A Vitamin E
X (NM) 708 708
Beer’s Limit(ug mL") 4.0-14.0 4.0-24.0
Molar Absorptivity 1.3x104 2.5x104
(L mol'cm™)

Regression Y=0.054x-0.188 Y=0.059x-0.269
Equation

Slope 0.054 0.059
Intercept 0.188 0.269
Correlation Cofficient 0.996 0.935
Sandell’s Sensitivity 0.000025 0.000017
(ng cm per 0.001

Abs. unit)

Standard Deviation 0.1941 0.4110
Relative Standard 1.7 2.2
Deviation (%)

pH 7.7-7.9 7.7-7.9

Table 2: Determination of vitamin A and vitamin E in
different Formulations

Taken Added Found Relative Standard
(vg/mL) (pg/mL) (ug/mL) Deviation (%)

Capsules

Vitamin A 20 0 19.8+0.4
2 22.2+0.3 6.5
2.2 23.0+0.1
2.5 23.5+0.2

E-Rich 20 0 20.2+0.1 4.4
2 21.8+0.6
2.2 22.6+0.3
25 22.5+0.4

Enew 20 0 20.2+0.3
2 21.6+0.2 2.9
2.2 21.8+0.1
25 21.6+0.7

Native Forte 20 0 19.8+0.3
2 21.8+0.3 4.8
22 22.3+0.2
2.5 22.4+0.6

Evion 20 0 19.7+0.5
2 20.9+0.5 5.8
22 21.6+0.7
25 23.2+0.2
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Table 3: Determination of vitamin A in different Samples

Sample Recommended Proposed Method
(ug/10 mL) (ug/10mL)
Mulmin® Syrup 7.2 7.7
Frooti 6 6.13
Infant Milk Powder 6.6 5.3
Papaya - 10.7 pg/mL
Dates - 6.2 yg/mL
Applications

The proposed procedure for the quantification
of vitamin A and vitamin E was applied for various
pharmaceutical formulations, oil sample, fruit sample
and milk powder etc shown in the tabular form below.

Method Validation

The proposed spectrophotometric method
for the determination of vitamin A and vitamin E in
different samples such as pharmaceuticals, fruits,
syrup, milk powder etc. has been found applicable.

CONCLUSION

A noval, simple, selective and highly
accurate UV-Visible spectrophotometric method for
determination of vitamin A and E in pharmaceutical
formulations and fruit samples was developed
and validated. These advantages encourage the
applications of this method for the quantification
of both the vitamins in different pharmaceutical
formulations and fruit samples.
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