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Abstract: The objective of the study was to identify
suitable additives stabilizing standard solutions of
ascorbic acid (AA) that would not cause interference in
the analytical process with the use of voltammetry in
the determination of the AA content in food products.
In addition, the effect of various conditions of storage
of selected fruit juices and drinks on the concentration
of vitamin C was studied. The study demonstrated that
AA degradation was inhibited the most effectively by
tartaric acid and its optimum concentration was set to 200
mg L. Analysis of selected fruit juices stored in various
temperature conditions confirmed that an elevation of
temperature and extension of the time of storage caused
a decrease in the content of vitamin C in the analyzed
samples, while closing the packages caused a limitation of
the changes in concentration of this vitamin. On the basis
of literature data and of the results obtained in the present
study it can be concluded that fruit juices should be stored
at a temperature lower than room temperature to retain
their nutritive value.
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1 Introduction

The role of ascorbic acid in food technology, apart from
its vitamin properties, can be reduced to the protection
of other nutrients which may undergo unfavourable
transformations (mainly through oxidation) in the course
of the technological process and storage, resulting in
undesirable sensory changes in the product (colour, taste,
flavour, clarity). As ascorbic acid can remove oxygen, it
can be applied as an additive to air-tight sealed products
containing air.

Determination of the content of vitamin C (ascorbic
acid) in food products, fruit and vegetable preserves
and raw materials for production is important not only
from a nutritional point of view. Due to the sensitivity
of that vitamin to the effect of physicochemical factors,
its content in raw materials and food products is one of
the primary indicators of the quality and correctness
of technological processes applied, evaluation of the
processing methods, and of biochemical changes taking
place in products in storage. Ascorbic acid is one of a few
organic compounds which display reducing properties in
an acidic environment. This is determined by the presence
of an enediol group in its molecule, which easily liberates
electrons, transforming into an oxidised form. Chemical
methods of quantitative assay of vitamin C are based on
those properties of ascorbic acid and consist mainly of
colour reactions, the phenomenon of light absorption,
and fluorescence. A number of methods and analytical
techniques of vitamin C assay have been developed for
diverse matrices. Those include spectrometric titration
[1, 2], voltammetry [3-7], potentiometry [8], fluorimetry
[9, 10], flow injection analysis [11-14], spectrophotometry
[15-18] and chromatography [19-23]. In addition, in recent
years a number of new methods for the assay of vitamin C
have been developed, based, for example, on chemically
modified electrodes, biological sensors (biosensors)
or on the techniques of mass spectrometry and atomic
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absorption spectrometry [24-26]. A special note is due to
the method of differential pulse polarography (DPP) which
is characterised by a relatively low level of uncertainty of
results in the assay of vitamin C. Among all methods for
the assay of vitamin C in food products, the polarographic
method creates the possibility of the simplest procedure
in the analysis of that component. The polarographic
techniques developed over the past decades were aimed at
increasing the sensitivity of determinations, automation
of measurement, and reduction in the use of pure mercury
and other materials required in the procedure, and were
also aimed at the elimination of all the drawbacks and
shortcomings of the classic constant current polarography.
In our previous study we confirmed the applicability of
high-performance liquid chromatography with diode-
array detection (HPLC-DAD) for determination of total
content of vitamin C and ascorbic acid in various kinds
of food [27], and demonstrated an absence of statistically
significant differences in the AA content assayed by
differential pulse polarography (DPP) and HPLC-DAD [28].
Differential pulse polarography is an equivalent method
in relation to HPLC-DAD in terms of analytical parameters,
and allows simpler and faster assay of ascorbic acid. A
negative aspect of polarographic determination of vitamin
C, that may have a detrimental effect on the accuracy of
the measurement of its content, is the relatively low
stability of that compound in the standard solution to
the concentration of which — in every measurement —
the curves of concentration of the assayed component in
the sample are compared. As soon as after several hours,
changes are visible in the concentration of vitamin C in
standard solutions, prepared without any stabilising
additives. That instability of the concentration of vitamin
C solutions makes it necessary to prepare fresh standard
solutions of vitamin C 3 — 4 times during a work-day,
and in addition it enforces the necessity of flushing the
entire sample injector system with those standards, and
performing an additional series of test analyses. All of
those operations cause unnecessary complications in the
analytical procedure and extend its duration, and their
omission causes a decrease of correctness of the results
obtained.

Therefore, the objective of the study was to find
suitable additives stabilising standard solutions of
vitamin C, that would prevent to an optimum extent its
rapid degradation, and at the same would not cause any
disturbance in the analytical process by creating their
own polarographic wave or causing any deformation of
the polarographic curve of vitamin C, within the range
of potentials used. In addition, we used in the study the
method of differential pulse polarography (DPP) for the
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estimation of the effect of various storage conditions of
fruit juices on the concentration of vitamin C.

2 Materials and Methods

2.1 Experiment 1. Optimisation of conditions
of vitamin C assay with the polarographic
method

The test material consisted of the following solutions:

— standard ascorbic acid solution (100 mg L") — control,

— standard ascorbic acid solutions (100 mg L) with
an addition (100 mg L) of substances potentially
inhibiting its degradation: buthylated hydroxyanisole
(BHA), tartaric acid (TA), sodium citrate (SC), sodium
sulphite (SS), caffeic acid (CA), disodium versenate
(EDTA), formic acid (FA), dithiothreitol (DTT), tris-(2-
carboxyethyl)phosphine (TCEP).

Ascorbic acid determinations were performed by the
method of differential pulse polarography, using a
voltammetric trace analyser Metrohm 746 VA (Switzerland)
with a 747 VA stand. All analyses were performed in
triplicate. The potential of the working electrode was
measured in relation to an Ag/AgCl/KCl reference
electrode. Qualitative determination of ascorbic acid was
performed based on the comparison of the potential of its
peak (obtained from sample analysis) with the potential
of peaks obtained after adding the standard solution three
times to the sample. A quantitative assay was performed
by the method of triple standard addition by means of
an automatic dosing unit Dosino 700 (Metrohm). The
standard addition was selected during each determination
in such a way that at the final stage a 3-4-fold higher mass
of ascorbic acid was obtained in the measurement vessel.
Ascorbic acid content in the sample (AAp) was determined
on the basis of formula (2):

AAp = CAA " D (2)

where: where: C,, — concentration of ascorbic acid in the
extract (mg-L"), D - the dilution coefficient.

10 ml of acetate buffer with pH 4.6 and 0.5 ml of
an extract of the analysed sample were added directly
to the polarographic vessel. Prior to polarographic
measurement, the solution was flushed with argon for
5 minutes to remove oxygen. The following conditions
were applied during the polarographic analysis: initial
potential -50 mV, final potential 200 mV, voltage step
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time 0.6 s, voltage step 6 mV, pulse duration 40 ms, pulse
amplitude 50 mV, the rate of potential change 10mV/s,
drop size 0.38 mm?.

2.2 Experiment 2. Estimation of the effect of
various conditions of storage of fruit juices
on the concentration of vitamin C

The test material consisted of the following fruit juices:
orange juice, multi-fruit juice, and a blackcurrant drink
in carton packs (Tetra Pack), from a single production
batch. In addition, the study included the use of fruit
juices extracted directly from fruits of orange, grapefruit
and lemon. The juices and fruits were purchased in
supermarkets in Lublin.

Samples of the commercial juices were taken directly
from opened carton packs, stored in thermostat-controlled
chambers at temperatures of 10°C, 20°C and 30°C. Juices
pressed from fruits were placed in dark glass bottles,
open and closed, respectively, and stored in thermostat-
controlled conditions at temperatures of 10°C, 20°C and
30°C. Samples of the commercial juices and those pressed
from fruits were taken for analysis from their packaging
kept in the thermostat-controlled chamber after 48, 96
and 168 hours. Quantitative determinations of vitamin
C were performed with the polarographic technique in
conformance with the conditions described in experiment
1 using an additive, selected on the basis of the results of
experiment 2, that inhibits degradation of the vitamin C
standard (tartaric acid with concentration of 200 mg L?).

Ethical approval: The conducted research is not
related to either human or animal use.

3 Results and Discussion

3.1 Experiment 1. Optimisation of conditions
of vitamin C assay with the polarographic
method

Dithiothreitol and tris(2-carboxyethyl)phosphine are
known dehydroascorbic acid reducing agents, that
minimise changes in the concentration of ascorbic
acid in solutions. So far, no papers describing their
use in polarographic analysis of vitamin C have been
published, so it was necessary to verify whether they do
not display their own polarographic peaks within the
range of potentials used in the analysis of AA, or cause
a deformation of its peak. Polarograms of solutions
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Figure 1: Polarograms of dithiothreitol (DTT) and tris(2-carboxyethyl)
phosphine (TCEP) solutions.

of dithiothreitol and tris(2-carboxyethyl)phosphine
solutions, in the range of potentials from -0.05V to 0.2V,
are presented in Figure 1. An elevation of the base line is
observed in the polarogram of the dithiothreitol solution
and a distinct deformation in the polarogram of tris(2-
carboxyethyl)phosphine in the range of potentials of the
peak of ascorbic acid. This precludes the use of those
substances for the stabilisation of standard solution
during polarographic analysis.

The polarographic curves obtained for the remaining
analysed substances indicate that each of the proposed
compounds can be used as a stabilising additive,
potentially inhibiting the degradation of vitamin C. None
of these substances gave its own polarographic wave in
the range of used potentials and did not cause distortion
of the polarographic curve of vitamin C.

Studies have shown that all substances selected in the
experiment stabilized the concentration of ascorbic acid
after 24 h storage in a comparable extent. Analysis of the
effect of the substances (100 mg L) potentially inhibiting
degradation of vitamin C in standard solution with
concentration of 100 mg L* stored at room temperature
indicates that after 48 h from the preparation of the
solution, the optimal inhibition of vitamin C degradation
was obtained in the case of buthylated hydroxyanisole
(vitamin C concentration decrease by 2.93%) and tartaric
acid (vitamin C concentration decrease by 2.43%). The
addition of the other substances resulted in a decrease of
vitamin C concentration in standard solution within the
range of 4,59% for disodium ethylenediaminetetraacetate
to 38.90% for formic acid, at vitamin C concentration
decrease by 50.01% in standard solution without any
content of any additives (Figure 2).

It was observed that sodium sulphite and tartaric
acid were the most effective inhibitors after prolonging
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Figure 2: Changes in the concentration of ascorbic acid in a standard
solution (100 mg LY with the addition of selected substances:
buthylated hydroxyanisole (BHA), tartaric acid (TA), sodium citrate
(SQ), sodium sulphite (SS), caffeic acid (CA), disodium versenate
(EDTA), formic acid (FA).
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Figure 3: Changes of vitamin C concentration in standard solution
(100 mg L) with an addition of tartaric acid (TA) (within the range of
concentrations of 10-200 mg L?) stored at room temperature.
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the waystorage time. In the case of the addition of sodium
sulphite and tartaric acid it was demonstrated that the
decrease of vitamin C concentration in the standard
solution was lower in the case of tartaric acid after 48h,
72h and 96h of “ageing” the standard of the vitamin.
Therefore, tartaric acid was selected as the substance that
provided the optimal stabilisation of the vitamin C. Then
the effects of adding tartaric acid in various concentrations
(10, 20, 50, 100, 200 mg L") on inhibiting the degradation
of vitamin C in the standard solution were compared. As
follows from the data in Figure 3, standard solutions of
vitamin C with an addition of TA at concentrations of 10,
20 and 50 mg L*did not produce the desired effect. In the
case of standard solutions stabilised with tartaric acid in
concentrations of 100 and 200 mg L, a decrease of the
content of vitamin C was also observed, but in comparison
with the above concentrations it was small, and after 168
h of “ageing” of the standard solution the content of
vitamin C amounted to: for TA with concentration of 100
mg L'- 81.82 mg L (decrease of vitamin C concentration
by about 18.0%), for TA with concentration of 200 mg L’-
90.45 mg L (decrease of vitamin C concentration by about
9.6%). Therefore, on the basis of the above results it was
concluded that tartaric acid with a concentration of 200 mg
L'is a good agent for inhibiting the degradation of vitamin
C in standard solution, maintaining a high concentration
of that vitamin during polarographic measurements.

3.2 Experiment 2. Estimation of the effect of
various conditions of storage of fruit juices
on the concentration of vitamin C

Concentration of vitamin C in samples of orange and
multi-fruit juices, as well as blackcurrant drink taken
directly after opening of the carton packs was at the level
of301.62mg L*, 188.08 mg L'and 183.13 mg L?, respectively.
Subsequent storage of the juices in the opened packages
in an air atmosphere led to a decrease in vitamin C
concentration that was related to both the temperature
and the time of storage. At a storage temperature of 10°C
the content of vitamin C in the orange juice decreased
by about 10% (Figure 4), in the multi-fruit juice by about
12% (Figure 5), and in the blackcurrant drink by about
20%, relative to the initial value (Figure 6). At the storage
temperature of 20°C and 30°C, the decrease in vitamin
C content was as follows: for the orange juice by about
13% and 13%, for the multi-fruit juice by about 21% and
35%, and for the blackcurrant drink by about 36% and
39%. After storage at 20°C for 168 h a decrease of vitamin
C content by about 32% was noted in the case of the
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Figure 4: Changes in the concentration of ascorbic acid during
storage of orange juice.
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Figure 5: Changes in the concentration of ascorbic acid during
storage of multi-fruit juice.
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Figure 6: Changes in the concentration of ascorbic acid during
storage of blackcurrant drink.

orange juice, by about 87% in the multi-fruit juice, while
in the case of the blackcurrant drink the concentration of
vitamin C decreased to zero. Storage of the juices for 168 h
at 30°C resulted in the total degradation of ascorbic acid.

The changes in vitamin C concentration in fresh fruit
juices, stored in open and closed containers at 10° C, 20°
C and 30° C, were compared. The content of vitamin C in
juice pressed from fresh fruits was 513.63 mg L in the case
of the orange juice, in the case of grapefruit juice — 341.78
mg L, and in the case of the lemon juice — 398.44 mg L.
Differences in the concentration of vitamin C were also
observed after 48 hours of storage of the juices in glass
vessels, open and closed, respectively. In the case of the
orange juice stored at 30°C in an open glass vessel, vitamin
C concentration decreased by about 64%, while in the
same juice but stored in a closed vessel the concentration
of vitamin C decreased by about 44% (Figure 7). The
highest decrease in vitamin C concentration after 48 h of
storage was observed in the case of the lemon juice, by
about 72% and about 55%, for the open and closed vessels,
respectively (Figure 8). The study showed that lemon juice
was characterised by the greatest decrease of vitamin C
concentration among all of the experimental systems
— after 168 h of storage at 10°C the content of vitamin C
was lower by about 91% in the open packing, and about
82% in the closed one. The concentration of vitamin C in
grapefruit juice after 168 h of storage at 10°C and 30°C
decreased, respectively, by about 72% (an open vessel)
and about 63% (a closed vessel), and by about 92% (an
open vessel) and by about 81% (a closed vessel), which
indicates that the grapefruit juice was the most stable in
terms of the content of vitamin C (Figure 9).

In the presented study, juices pressed directly from
fruits contained higher amount of vitamin C compared
to the commercial products, which generally supports
the results obtained earlier by Lebiedzifiska et al. [29].
Ajibola et al. demonstrated that fruit juices stored at
room temperature were characterised by a greater loss of
vitamin C in comparison to juices stored in refrigerated
conditions. The degradation of vitamin C is related to a
number of chemical transformations, a majority of which
proceed with the participation of enzymes (present in
natural non-pasteurised products) that become active
with temperature increase. In addition, unprotected food
matrices can also be media for pathogenic microorganisms
(Bacillus subtilis, Candida sp.), that cause a decrease in
the content of nutrients in food products [30]. Studies
conducted by Remini et al. [31], Juarez-Enriquez et al.
[32] and by Sapei and Hwa [33] also confirm a greater
decrease of the AA content in food products stored at
room temperature (19-28°C) as compared to refrigerated
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Figure 7: Changes in ascorbic acid concentration during storage of
freshly squeezed orange juice in open (0) and closed (C) containers.
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Figure 8: Changes in the concentration of ascorbic acid during
storage of freshly squeezed lemon juice in open (0) and closed (C)
containers.
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storage conditions (4-8°C). Also, in the study concerning
the effect of the storage conditions of Brussels sprouts
vitamin C degradation was observed that intensified with
the increase of the storage temperature [34]. SteSkova et
al. report that the temperature, the form of the vitamin and
the matrix are factors affecting the stability of vitamin C in
food [35]. Lower storage temperature leads to the retention
of a higher content of vitamin C in the product. Earlier
reports indicate that the climate, temperature, exposure
to light, and storage have an effect on the content of
vitamin C in fruits, and thus also in juices extracted from
them [36]. The content of vitamin C is also affected by the
location of the cultivation (climatic conditions) and by
the degree of fruit ripeness. Fruits from tropical regions
have a lower content of vitamin C than fruits produced in
countries with a cooler climate [37]. Research shows that
juice heating causes a decrease in its content of vitamin C
[38], which may be related to the activation of processes
of degradation of that substance under the effect of
temperature. One of the methods of limiting the changes
concerning the concentration of vitamin C in fruit juices
is their storage in closed packages. Mazurek and Jamroz
[39] observed a decrease of vitamin C concentration in
commercial orange, grapefruit and apple juices and a
blackcurrant drink stored in open packages in refrigerated
conditions and at room temperature. A greater decrease of
vitamin C content in the analysed samples was observed
in the case of samples stored at room temperature, and
in addition those authors observed also a significantly
greater decrease in vitamin C content in the blackcurrant
drink, compared to the remaining analysed samples,
which can be attributed to a higher content of water in the
ready product relative to fruit juice, and the related lower
concentration of active substances naturally present in
blackcurrant drink. Kalisz and Kurowska [40] observed a
decrease in the content of vitamin C in strawberry semi-
concentrates stored in refrigerated conditions in closed
glass containers. The cited authors report that vitamin C,
in the presence of products of degradation of anthocyanins
or though non-enzymatic oxidation, may intensify the
degradation of those pigments, which was observed in
the experiment conducted by Kalisz and Kurowska in the
form of a reduction in the concentration of anthocyanin
pigments. The higher concentration of ascorbic acid
than that of anthocyanins is related to intensification of
degradation of polyphenolic pigments [40-43]. Analysis
of literature data and of the results obtained in the
presented study indicates that, to retain their nutritive
value, fruit juices should be stored at a temperature lower
than room temperature [44-47].
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4 Conclussion

The study demonstrated that the optimum substance
inhibiting the degradation of ascorbic acid in standard
solution is tartaric acid, and therefore it can be used as
a stabilising agent for standard solutions of vitamin C
in analytical measurements performed with the use of
the voltammetric technique. Analysis of real samples
confirmed the utility value of the use of stabilising agents
for standard solutions of vitamin C in routine analyses in
the area of estimation of vitamin C content in fruit juices.
In addition, the analysis of selected samples of fruit juices
stored in various temperature conditions confirmed that
an elevation of the storage temperature and extension
of the time of storage caused a decrease in the content
of vitamin C in the analysed samples, while closing the
packages caused a limitation of the changes in vitamin C
content in the stored juices.

Conflict of interest: Authors declare no conflict of
interest.
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