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Abstract

Ascorbic acid, also known as vitamin C, is an
essential water soluble vitamin. Body needs vitamin C
in order to form and maintain bones, blood vessels and
skin, and its deficiency causes scurvy. Ascorbic acid
has been widely used in chemical, pharmaceutical,
cosmetic and food industry for the preparation of
various preparations. Analysis of ascorbic acid is an
important and inseparable part of industries involved
in any form of ascorbic acid preparation. This review
highlights recent methods for ascorbic acid analysis
like spectrophotometric method, high pressure liquid
chromatography (HPLC), etc. Former methods for
ascorbic acid analysis are also presented such as
Titrimetric, spectrophotometric as well as HPLC
method along with different detection methods.

Keywords: Vitamin C; Assay; HPLC;
Spectrophotometry.
Introduction

Ascorbic acid (vitamin C), a water soluble vitamin,
is found in various foods including a variety of
fruits and vegetables. Its deficiency causes disease
scurvy.! Weakening of collagen fibers which leads
to poor wound healing and impaired immunity
happens due to scurvy.? Vitamin C is important for
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proper functioning of immune system.? Deficiency
of ascorbic acid occurs due to poor dietary habits,
life style changes, smoking, alcohol, drug abuse,
various diseases, and pollutants.*® Excess of
vitamin C is also dangerous as it will lead to gastric
irritation and its metabolite oxalic acid will cause
renal problems.

Ascorbic acid is highly effective antioxidant
due to its tendency to donate electron thereby
protecting important biomolecules (such as protein,
lipid, nucleic acid and carbohydrate) from damage
by oxidants.® Vitamin C is a cofactor for the lysyl
and prolyl hydroxylases required for stabilization
of tertiary structure of collagen. Cofactor for
two hydroxylases which is involved in carnitine
biosynthesis and also a cofactor for hydroxylase
enzymes which is involved in synthesis of
catecholamine hormone.””

Ascorbic acid (Fig 1) is a hexanoic sugar acid
having two dissociable protons therefore it occurs
as an ascorbate anion.” Ascorbate is synthesized
from glucose in plants and most of animals whereas
in amphibians and reptiles synthesis of ascorbate
takes place in kidney and in mammals’ liver is the
organ where an enzyme L-gulonolactone oxidase
helps conversion of glucose into ascorbic acid.'!

L-Gulonolactone oxidase is deficient in humans,
some primates, and guinea pigs due to genetic
mutation, making them incapable to synthesize
ascorbic acid so there is requirement to take it from
diet.” Rich sources of vitamin C (Fig 2) are fresh
vegetables and fruits mainly in black currant, citrus
fruit, leafy vegetables, tomatoes, green and red

peppers.”
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Fig. 1: Structure of Ascorbic acid.
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Fig. 2: Rich sources of ascorbic acid.

In pharmaceutical, chemical, cosmetic and food
industry ascorbic acid is used due to its bioactivity
and antioxidant property. For measuring the
amount of ascorbic acid in a sample there is a
need to find an accurate, reliable, rapid and easy
method. For measuring the amount of ascorbic acid
in sample, there is still a need to find an accurate,
reliable, rapid and easy to implement method. Due
to instability of ascorbic acid in aqueous solution,
there has been some difficulty in quantifying
ascorbic acid. Heat, light, alkali, oxygen, and
contact with traces of copper and iron will easily
reacts with ascorbic acid, as it is highly sensitive to
these elements."*

In the field of biochemistry and commercial
food, determination of vitamin C has become an
important subject because of the role of vitamin
C in maintaining proper health.”” One of the most
important properties of vitamin C is that it is an
antioxidant. It scavenges nitroxide, hydroxide,
superoxide, hydrogen peroxide and can reduce
vitamin E.*® It is a powerful antioxidant as it can
also neutralize harmful free radicals.”” The physical
properties of ascorbic acid are presented in Table 1.1

Table 1: Physical properties of ascorbic acid.

Chemical name L-ascorbic acid

Empirical formula CH,O,
Molecular weight  176.1

Melting point 190°C

Appearance White to slightly yellow is hcrystalline
powder

Odour Odourless

Taste Strong acidic taste

Solubility Freely soluble in water, sparingly soluble

in alcohol, insoluble in ether and benzene

Methods of Analysis

Various methods for the determination of vitamin
C in a natural samples, biological fluids and
pharmaceutical formulations have been reported:

1. UV spectrophotometric method
Voltammetric method
Fluorometric method

Potentiometric method

A

High performance liquid chromatography
(HPLC)

Gas chromatography (GC)

Titrimetric method

UV spectrophotometric method

Determination of ascorbic acid by UV
spectrophotometer is mostly used because of
simplicity, and also vitamin C absorbs UV rays
easily. Earlier UV method for analysis of ascorbic
acid was developed which was limited for analysis
of plasma samples only and its procedures were
complicated. But later on a reliable UV method
was developed for analysis of ascorbic acid
sample in presence of other vitamins which gives
reproducible results. This method is simple and
faster as compared to other old methods.”?.

In 2005, Zeng W. et al. developed a new UV
method for the analysis of ascorbic acid with
methanol as solvent. Otherstudies which are
performed in this research are the effect of copper
(II) concentrations on the oxidation of ascorbic
acid in aqueous solution and the regularities of its
oxidation in methanol, USP phosphate buffer and
de-ionized water was studied. The result shows
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that ascorbic acid has been found to dissolve
in methanol (solubility: 81.0 mg/ml) at room
temperature. This method is simple, rapid, accurate
and reliable thereby used for routine determination
of ascorbic acid in its granular and tablet form.
With this method, the ascorbic acid bulk material
from manufacturer was found to be assayed with
89.34% purity.”

In 2006, Khan M. R. et al. described a UV-
spectrophotometric method to determine vitamin
C content in various fruits and vegetables. The
method involves the oxidation of ascorbic acid
to dehydroascorbic acid by bromine water in
presence of acetic acid. After coupling with
2,4-dinitrophenyl hydrazine the solution is then
treated with 85% H,SO, so that red color complex
is formed. The absorbance is measured at 521nm
spectrophotometrically. The results of this method
exhibited the amount of vitamin c in the range of
12-118mg/100g in fruits, and 22- 135mg /100g in
vegetables.”

In 2020, Panchem Y. P. et al. develop a
spectrophotometric method to determine ascorbic
acid in bulk powder form by using UV-1900 model.
Methanol: water (50:50v/v) was taken as solvent.
Ascorbic acid showed maximum absorbance
wavelength at 258nm. In order to validate the
method as per ICH guidelines various parameter
were considered such as linearity, selectivity,
specificity, precision, robustness, etc. Ascorbic acid
analysis showed that this method was acceptable
method.?

Desai A. P. et al in 2019 determined the content of
ascorbic acid in different fruits by UV spectroscopy.
In this method, 24-DNPH (24-dinitrophenyl
hydrazine) acted as dye. Bromine water was used
to oxidize ascorbic acid into dehydroascorbic acid
in presence of acetic acid. After 3 hrs 85% H,SO, was
added which gave red color complex. The solution
was then measured spectrophotometrically to
determine ascorbic acid content.*

Voltammetric method

Determination of the contents of ascorbic acid in
fifty tropical fruit samples has been reported by
titrimetric method using N-bromosuccinimide
along with cyclic Voltammeter using glassy carbon
as working electrode. Ag/AgCl as reference and
platinum as auxiliary electrode in 0.1M phosphate
buffer, pH 2.0 containing 1IMm disodium EDTA
were used. 200Mv to 1000Mv was the range in
which measurement were done, with a scan rate
of 50 Mv/s. Result showed that some fruits such

as green pepper, long pepper, red pepper, lime,
pawpaw, orange showed high level of ascorbic
acid content.»?

Nielsen S. S. et al. in 2017 determined the
content of vitamin C in juices by using the reagent
2,6-dichloroindophenol. The indicator dye was
reduced to a colorless solution by ascorbic acid,
the unreduced dye was rose-pink in color. Using
a standard ascorbic acid solution, the titer of dye
could be determined. By series of steps, the amount
of ascorbic acid was determined in an accurate
way.?

Ogunlesi. M. et al. in 2010 measured vitamin
C content in thirty-eight samples of green leafy
vegetable and food by two methods.1st method
was by cyclic voltammetry using glassy carbon,
Ag/AgCl and platinum electrode system in
0.IM phosphate buffer, pH 2.0 containing 1Mm
disodium EDTA in a potential range of 200Mv-
1000MV with a scan rate of 50mv/s. 2nd method:
Titration of aqueous mixture of sample using
N-bromosccinimde. Red pepper, leaves of white
camwood, black pepper, curry plant, pumpkin
were the samples found to be rich in vitamin C.%

Fluorometric method

Fluorometric method is simple, rapid, cost-effective
reliable and sensitive to analyze even the minute
2x10-3 to 0.1mg ascorbic acid/mL. This method has
the capacity to analyze 50 samples/hr.

Ascorbic acid is oxidized to dehydroascorbic
acid in presence of activated charcoal. To produce
a fluorescent compound, dehydroascorbic acid
reacts with o-phenylenediamine (OPDA). The
intensity of fluorescence produced indicates the
concentration of ascorbic acid in sample solution.
Use of charcoal will oxidize ascorbic acid slowly,
so many other oxidants are used such as iodine,
ferricyanide, chloramines-T, methylene blue,
N-bromosuccinimide for smooth oxidation.?*

Cheng X. et al in 2019 described the ratio metric
fluorescent assay to determine the enzyme activity
in ascorbic acid forming reaction. As fluorescent
indicator blue-emitting carbon dots (bCDs; with
excitation/emission wavelength at 380/450nm was
served) via an inner filter effect their fluorescence
was reduced by Fe* ions. As internal reference
yellow-emitting CDs with excitation/emission
wavelength at 380/550nm was served, as their
fluorescence was insensitive to Fe*. When this was
exposed to ascorbic acid, Fe** was reduced to Fe?,
the fluorescence by bCDs was restored. Thereby,
the enzymes in ascorbic acid reaction such as alpha-
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glucosidase and alkaline phosphatase could be
measured.”

In 2019 Ni P. et al. reported a fluorometric
method to determine the alkaline phosphatase
(ALP) activity and its inhibitors using ascorbic
acid. As fluorescent probe, nitrogen and boron
co-doped carbon dots (C-dots) with excitation/
emission peaks at 490/540nm. The C-dots modified
by boronic acid binds to ascorbic acid generated
by ALP-catalyzed hydrolysis of ascorbic acid-2-
phosphatase. This method determined the ALP
activity in acceptable range.*

Maki T. et al. in 2011 presented a simple and
sensitive flow injection fluorometric method to
determine ascorbic acid. A fluorescent reagent,
perylenebisimide-linked nitoxide (PBILN), was
used which allowed the selective determination of
ascorbic acid. When solution of ascorbic acid was
merged with the stream of PBILN, the ascorbic acid
reacted with nitroxide moiety of PBILN to form
hydroxylamine thereby the fluorescence properties
of perylenebisimide moiety were recovered. A peak
shaped fluorescence signal was produced which
was detected by the detector. This method was
applied to determine the concentration of ascorbic
acid in several soft drink beverages.*

Wang Y. etal.in 2019 developed a dual-method to
determine theascorbicacid and ascorbicacid oxidase
activity. The advantages of ratiometric fluorometry
and colorimetry were combined together. In this
assay, the oxidation of o-phenylediamine (OPDA)
was done by permanganate (KMnO,). In the
presence of oxidant, a yellow substance (oxOPDA)
with an absorption peak at 425 nm was produced
rapidly. This oxOPDA would reduce the blue
fluorescence of carbon dots peaking at 450nm, and
new emission peak could be found at 565nm. The
results showed that fluorometric assay for ascorbic
acid had a linear range that extends from 0.6 to 40
uM and colorimetric assay from 0.2 to 70 pM.*

Xu W. et al. in 2019 prepared water-dispersed
quantum dots (5iQDs) by using aminopropyl-
trimethoxysilane as silicon source and ascorbic acid
as reduction reagent. SiQDs are fluorescent with
high quantum yield and high quality. Due to their
low cost, good compatibility and superb electronic
and mechanical property they are becoming
popular. As SiQDs cannot be dispersed in water
therefore fluorescent water-dispersible SiQDs
are developed which have various optical-based
applications. The SiQDs display fluorescence with
excitation/emission peaks at 350nm/440nm.*

Non-electrochemical techniques to determine

ascorbic acid- Titration with an oxidant solution
such as dichlorophenol indophenol (DCPIP)¥,
potassium iodate® or bromate® are the traditional
methods used to determine ascorbic acid.

Potentiometric method

Potentiometric method gives much faster result
for the assay of many active pharmaceutical
ingredients. The fats, oils, resin, wax are
determined potentiometrically. Potentiometry as
an electroanalytical tool does not apply current
or potential modulator and the apparatus used
in potentiometry are simple, easy to handle and
the sample can be seen as single independent
variable. It gives rapid and reproducible results.
Potentiometry has also been successfully applied to
analyze different types of ascorbic acid samples.**

Total antioxidant capacity of ascorbic acid
is utilized by Potentiometry by recording the
generated potential from reaction of K,[Fe(CN)]/
K,[Fe(CN),] by interaction with sample antioxidant
by using platinum electrode as detector.****

Amini M. K. etal. in 2001 constructed a chemically
modified electrode by incorporating iron (II)
phthalocyanine [Fe(II)Pc] into carbon -paste matrix
used as a sensitive potentiometric sensor to detect
ascorbic acid. The formed electrode had catalytic
property for electrooxidation of ascorbic acid. The
results showed a linear response in concentration
range from 10 to 10 M (0.18-1800 pg/ml) was
obtained with a detection limit of 5x107 M for the
potentiometric determination of ascorbic acid. This
electrode showed a fast response time (<10s), good
stability and had an extended lifetime.**

Tonelli D. et al. in 2011 developed a polymeric
membrane-based ion selective electrode to
determine L-ascorbic acid. By modifying the
glassy carbon electrode with molecularly
imprinted polypyrrole the sensor was fabricated.
The performance of sensor was improved by the
molecularly imprinted polymer. This imprinted
polymer shows near Nernstian response to the
ascorbate at concentration range between 5x10-
M and 2x10° M. This potentiometric sensor
could be used for some weeks and helps to
determine concentration of ascorbate in food and
pharmaceutical samples.*

High-performance liquid chromatography (HPLC)

In high-performance liquid chromatography,
analytes (samples to be analyzed) are separated
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by column chromatography and measured by
post column detectors. HPLC methods are also
developed to reduce the drawbacks associated
with other method. For measuring ascorbic acid
in biological samples, HPLC with UV detection is
the simplest system. UV detection is possible due
to vitamin optical absorbance spectrum having
peak value at 265-266 nm. HPLC/UV assays are
used to measure the content of ascorbic acid in
lymphocytes, urine, tears, aqueous humor, plasma
and in food.**

In 2011 Mitic S. S. et al. developed and validated
an accurate and reproducible HPLC method
for measuring the content of ascorbic acid in
pharmaceutical samples. The drug and standard
were eluted from Superspher RP-18 at 200°C. By
carefully adding acetic acid (500 mL) to 1.5g of
1-hexanesulfonic acid sodium salt, mobile phase
was prepared. The flow rate was 0.7 mL/min.
To monitor the effluent, a UV detector was set at
280nm. Result showed that, each analysis of sample
took 4 min, limit of quantitation was 1.95 pg/L.
Recovery % ranged from 99.58 to 101.93.%

Li X. et al. in 2009 developed a robust and
rapid high pressure liquid chromatography-
electrochemical detection (HPLC-ECD) for an
accurate determination of ascorbic acid and uric
acid in human plasma. For accurate quantification
of analytes, a stable electrochemical active internal
standard (homogentisic acid) was added. The
analysis was done on a reverse-phase column
with HPLC and ultra-HPLC. Result showed that
U-HPLC had increased sensitivity with detection
limit of 0.05ng which was lower as compared to
conventional HPLC. A good accuracy and precision
had been shown by both analyses.*’

Gas chromatography (GC)

GC method is rapid, reliable and highly sensitive
to analyze even very minute quantities of ascorbic
acid.

Silva F. O. et al in 2005 developed a new and
highly sensitive method to determine the content
of ascorbic acid by using gas chromatography
and it was compared to HPLC. The analysis was
performed by simple clean up techniques a freeze-
drying condition. The total content of ascorbic acid
was analyzed after reduction to dehydro-ascorbic
acid with the help of dithiothretinol.®

Vecchi M. et al. reported a method of gas
chromatography to determine vitamin C by the use
of a silylating agent, N-trimethylsilylacetamide.
The result showed that the reaction proceeds

quantitatively and the results were accurate and
reproducible.”

Titrimetric method

Titration methods are simple, cost-effective and
also give much faster results. Narong Lenghor et al.
in 2002 developed two sequential injection titration
systems with spectrophotometric detection to
measure ascorbic acid. The first system was based
on redox reaction between ascorbic acid and
permanganate in an acidic medium which lead to
decrease in color intensity of permanganate.*

Suntornsuk L. et al. in 2002 determined the
content of vitamin C in fresh and freeze-dried herbal
juice of guava, lemon, sweet pepper and passion
fruit by direct titration with iodine. This method
showed excellent linearity over the concentration
range tested (100-500%) of amount found in juice
sample with good precision and recovery.>

Conclusion

Ascorbic acid (vitamin C) is an important water
soluble vitamin, and its deficiency could lead to
various health issues. Variety of natural products
and market preparations are available for human
intake. Analysis of ascorbic acid in different
products is an important aspect of quality control.
There are various methods available for the
analysis of ascorbic acid. Majority of these methods
are reproducible, rapid and give accurate results.
However, thereis still a need to find novel, accurate,
reliable, rapid, cost-effective and easy to implement
method(s) to determine ascorbic acid.
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