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Determination of ascorbic acid in fruit and
vegetables using normal polarography
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The ascorbic acid content of fruit and vegetables was determined by normal
polarography. It was found that oxalic acid and EDTA protected the vitamin
during the sample preparation procedure but oxalic acid was preferred to be
used for polarographic analysis. Citrate buffer was used as the supporting electro-
lyte since it was already present in fruit and vegetables and resisted the change
in pH upon the addition of the fruit extract. The most suitable pH of the sup-
porting electrolyte was determined to be 4-5. A procedure is suggested for the
determination of ascorbic acid in fruit and vegetables. The standard deviation
for the method based upon the pooled precision data was found to be 1-0 for

tomatoes and 3-1 for oranges.

INTRODUCTION

In general, titrimetric and spectrometric methods have
been used for the determination of ascorbic acid. But
both methods have certain limitations due to the pres-
ence of interfering substances (Gilliam, 1945; Sebrell &
Harris, 1967).

Polarographic methods can be used for ascorbic acid
determinations (Diemair et al., 1961; Lento et al., 1963;
Strohecker & Henning, 1966; Heyrovsky & Zuman,
1968; Adachi et al., 1971; Mason ef al., 1972; Linquist,
1975; Linquist & Farroha, 1975; Pachla & Kissinger,
1976; Ratzkowski & Korol, 1977; Sontag & Kainz, 1978;
Branca, 1980; Gerhardt & Windmiiller, 1981; Falat &
Cheng, 1982; Lechien et al., 1982; Amin, 1983; Hoff-
mann, 1984; Roehle & Voight, 1984; Lau er al., 1985;
‘Kozar et al., 1988) and have some advantages over
colorimetric and titrimetric ones. In this method, the
preparation of the sample is relatively simple and re-
quires fewer steps. Because of comparative rapidity, the
oxidation of the vitamin is prevented during the sample
preparation and the measurement stages. In addition,
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analysis can be carried out with a few millilitres of the
sample. The colouring, and especially the suspended
material which show undesirable effects in the spectro-
photometric measurements, do not necessarily interfere.

The main limitations of polarography are the rela-
tively low sensitivity, the limited anodic voltage range
of the mercury electrode (Gilliam, 1945; Strohecker &
Henning, 1966; Heyrovsky & Zuman, 1968) and inter-
ferences caused by high concentrations of chlorides or
thiols (Heyrovsky & Zuman, 1968). On the other hand,
the method is specific for ascorbic acid and an inspec-
tion of the anodic current will indicate the presence of
interfering materials. Since the ascorbic acid content of
fruit and vegetables is at such a level that it can be deter-
mined by normal polarography with a simple prepa-
ration step, there was no need to use expensive instru-
ments for its determination.

MATERIALS AND METHODS
Reagents
All the reagents used were of analytical-reagent grade.

Triply distilled water was used for the preparation of
all solutions and at all other stages of analysis.
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Fig. 1. Determination of ascorbic acid in (A) tomato and (B) orange samples. Scan rate = 0-2 V/min, chart speed = | in/min, ¢ = 3.2 s.
(I) = 5 ml of citrate buffer (pH = 4-5) + 1 drop of 0-5% gelation. (II) = (I) + 5 ml of sample. (III) = (1I) + 0-1 ml of standard solution.

Standard ascorbic acid solution (5 mg/ml) was pre-
pared daily by dissolving 250 mg ascorbic acid in 50 ml
of water.

Citrate buffer (pH 4-5). The pH of 0-5M citric acid
was adjusted to 4-5 by dropwise addition of 0-5M KOH,
using a pH-meter. This solution was stable for 2 weeks.

Apparatus

The current-voltage curves were obtained by a polar-
ography system constructed by the Physics Department
of Hacettepe University (Ankara, Turkey), based on the
diagram of Heath EUW-198, and the recorder was a
strip chart recorder (SR-255B) built up by Heath
Schlumberger. The polarographic cell was obtained from
Princeton Applied Research and the saturated calomel
electrode (Coleman) was used as the reference elec-
trode. The dropping mercury electrode was of the
Heath System and ¢ values of the dropping capillary
were between 3 and 4 s when the capillary tip dipped
into the supporting electrolyte and no potential was
applied to the mercury drop.

The scan rate and chart speed were 0-2 V/min and 1 in/
min, respectively and the potential sweep was adjusted
between the limits —0-2 V to +0-3 V.

Procedures

Synthetic samples

Citrate buffer (5 ml, pH 4-5) in the polarographic cell
was de-aerated with nitrogen for 10 min and the current
was recorded. Then 2 ml of ascorbic acid solution (0-40
mg/ml) was added and, after de-aerating the solution,
the diffusion current was measured. Then 0-1 ml of stan-
dard solution (5 mg/ml) was added, the second diffusion
current was recorded and the ascorbic acid content of the
sample was calculated by the standard addition method.

Fruit and vegetable samples

The weighed sample was whipped in the blender with
50 ml of 0-2% oxalic acid for about 2-3 min. The ex-
tract was filtered through a cotton gauze and the vol-
ume was measured. Citrate buffer (5 ml, pH 4-5) in the
polarographic cell was de-aerated for 10 min, the resid-
ual current was recorded and a known volume of the
extract (1-5 ml) was added. After de-aerating the solu-
tion, the diffusion current was measured. Then 0-1 ml
of standard solution (5 mg/ml) was added and the sec-
ond diffusion current was recorded (Fig. 1). The ascor-
bic acid content of the extract was obtained by stan-
dard addition method from the following equation:
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i]CV

I =i v+iyy

where C; = concentration of ascorbic acid per ml of

extract

¢ = concentration of ascorbic acid per ml of
standard solution

v = ml of standard solution of ascorbic acid
added

V' = ml of buffer plus extract solution

i; = wave height of the extract solution

i, = wave height of extract solution plus standard
ascorbic acid

2,6-Dichlorophenolindophenol titrimetric method

The procedure followed for the determination of ascorbic
acid was given by AOAC (1984).

RESULTS AND DISCUSSION
Stability of ascorbic acid

Ascorbic acid decomposes fairly quickly both during
sample preparation step and storage period. The loss is
mostly due to its oxidation and the reaction is catalysed
by the copper ions (Khan & Martell, 1967; Ogata et al.,
1968; Shtamm & Skurlatov, 1974; Davidson & Grieger-
Block, 1977). This reaction is also catalysed by an en-
zyme called ascorbic acid oxidase which contains copper
ions and is present in natural materials (Sebrell & Harris,
1967; Birch & Parker, 1974). For this reason, many
stabilizing acid solutions were examined during this
work. EDTA was also included, considering that it

Table 1. Stability of ascorbic acid in different acid solutions®

Medium Decomposition (%)
Replicate 1 Replicate 2 Replicate 3

Water 53 24 41
0-2% H,C,0, 0 0 11
1% Citric acid 9 9 14
0-07% HNO; 14 6 15
0-07% HCl 20 22 27
0-07% HCIO, 7 12 14
EDTA 6 7 0
Water/Cu*2 100 93 91
0-2% H,C,0,/Cu*? 10 8 7
1% Citric acid/Cu*2 51 53 41
0-07% HNO;/Cu*? 50 44 52
0-07% HCUCu+*? 86 71 75
0-07% HClO4/Cu+? 65 45 47
EDTA/Cu*? 9 5 6

aInitial concentration = 0-40 mg/ml.
Cu*2 =2 ppm.
EDTA = 0-0012M.

would complex copper and thus inhibit the oxidation
(Table 1).

For this purpose, 14 stoppered 10-ml bottles contain-
ing ascorbic acid and the reagents were kept at room
temperature for 24 h. Three replicate experiments were
carried out but on different days. Since there was no
temperature control during these experiments, the re-
sults were given as different runs instead of giving a mean
value for the three replicate measurements (Table 1).

Only two solutions (oxalic acid and EDTA) were
found to be reasonably satisfactory. Although EDTA
afforded excellent stability for ascorbic acid, samples in
this medium could not be polarographed easily because
a second wave with the half-wave potential of +190 mV
was also recorded besides the anodic wave of ascorbic
acid (Ey, = +80 mV at pH 4:5). When only EDTA
(10-4M) was added to the citrate buffer, the same cur-
rent (E, = +190 mV) was observed due to the oxi-
dation of Hg to Hg (EDTA)-2. The formation of this
second wave limited the potential range for the ascor-
bic acid current. Thus, although there was no difference
between the stability of ascorbic acid in EDTA and
oxalic acid, the latter one was preferred to be used for
the polarographic analysis.

Supporting electrolyte

Various supporting electrolytes, namely acetate buffer
(pH 4-7) (Heyrovsky & Zuman, 1968), acetate buffer
saturated with sodium oxalate (pH 5-5) (Strohecker &
Henning, 1966), phosphate buffer (pH 8-0) and potas-
sium biphthalate-sodium hydroxide buffer (pH 6-2)
(Gilliam, 1945) have been used in the polarographic
analysis of ascorbic acid in fruit and vegetables, but the
citrate buffers have not been used up to now. Due to
the similarity in the composition of fruit and vege-
tables, citrate buffers were chosen as the supporting
electrolyte in this work, anticipating that they would
resist the pH change upon the addition of fruit and
vegetable extract. It is well known that the supporting
electrolyte should have high buffer capacity for the pre-
cision of the measurement and it was observed that
citrate buffers fulfilled these requirements.

Concentration range and sensitivity

According to the experiments, the lowest detectable
quantity of ascorbic acid was found to be 25 ug/ml
(1-42 X 10-4Mm) and the linearity of the current-concen-
tration relationship was ascertained for the range of
25-250 ug/mi (1-42 X 10-4 to 1-42 X 10-3m). In this
range, by using the calibration curve or the standard
addition technique, ascorbic acid can be determined
quantitatively. The sensitivity (i/c), defined as the diffu-
sion current divided by the concentration, was obtained
for the pH values of 2-:5-6-0. Comparison of these
values by factorial variance analysis revealed significant
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Fig. 2. The half-wave potential of ascorbic acid as a function of pH.

effects of pH on sensitivity (p < 0-05). Also, the sensi-
tivity was found to be maximum at pH 4-5.

Dependence of half-wave potential on pH

The half-wave potential of the anodic current of as-
corbic acid was measured between the pH values of
2:5-6-0 in citrate buffer and E,, was found to shift to
more positive values as the pH decreased (Fig. 2). Al-
though the half-wave potential values differed, depend-
ing on the supporting electrolytes used, the same ten-
dency in the shift was also observed by other authors
(Coulson et al., 1950; Linquist, 1975; Ruiz et al., 1977;
Sontag & Kainz, 1978).

pH of the supporting electrolyte

The citrate buffer of pH 4-5 was selected as the sup-
porting electrolyte, considering the following points:

the maximum sensitivity was reached at pH 4.5,
at pH values higher than 4.5, ascorbic acid be-
came unstable (Khan & Martell; 1967; Ogata et
al., 1968),

at lower pH values, the plateau of the wave be-
came too steep to measure the anodic current,

as the pH decreased, the anodic wave was shifted
towards more positive potentials and, as a resulit,
an interference with the oxidation wave of mer-
cury occurred.

Accuracy and precision

In order to determine the accuracy and precision of the
method, the ascorbic acid solutions (app. 40 mg/100 ml),

prepared by using distilled water or the citrate buffer,
were analysed by the proposed technique. Samples that
were prepared by using citrate buffer were considered
to be the synthetic substitutes of fruit and vegetables.
For each sample prepared, three replicate measurements
were made by the standard addition method. The re-
covery values were 101 + 1-3% when the sample was
prepared with distilled water and 102 £ 0-9% when cit-
rate buffer was used. Comparison of these recovery
values by the analysis of variance showed that the
mode of sample preparation did not affect the analysis
(p < 0-05). It was also found that the amount of ascor-
bic acid could be determined with the relative error of
—1-8 to +4:5(%), and the coefficient of variation (CV)
lay between 2-1 and 4-5(%). Standard deviation of the

Table 2, Polarographic determination of ascorbic acid in synthetic
samples

Mode of sample Ascorbic acid Ascorbic acid

preparation present found
(mg/100 ml) (mg/100 ml)
7108
v
Distilled water 40-0 41023
Distilled water 40-0 39-3+£26
Distilled water 397 397+14
Citrate buffer 413 418+ 24
Citrate buffer 40-4 410t 16
Citrate buffer 402 420132
Citrate buffer 40-2 39-7+£25

490% Confidence interval.

Relative error: —1-8 to +4-5%.
Coefficient of variation: 2-1-4-5%.
Standard deviation of the method: 1-4.
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Table 3. Polarographic determination of ascorbic acid in tomato

Table 4. Determination of ascorbic acid by normal polarography

and orange extracts and 2,6-DCIP titration method
Product Sample Ascorbic acid Product Polarographic 2,6-DCIP
number found (mg/100 g) (mg/100 g)
(mg/100 ml) -, 195 s, 195
= Xt=
Y+ s ‘II—V— W
VNV
Tomato 134%13 146+ 10
Tomato extract 1 178+ 15 Orange 41235 442129
Tomato extract 2 13-5+ 08
Tomato extract 3 23-0+25 290% Confidence interval.
Tomato extract 4 174 £ 22
Tomato extract 5 21013 .
the difference between the waves of ascorbic acid and
Orange extract 1 39-1+£38 . o s
Orange extract 2 690 + 4-6 glutathione and thus the true diffusion current was ob-
Orange extract 3 486 £ 60 tained.
Orange extract 4 526 £ 66 The proposed method and the standard 2,6-dichloro-
Orange extract 5 535+45 phenolindophenol titration were applied to tomato and

290% Confidence interval.

Coeflicient of variation: 3-4-8-2% for tomato extracts;
4.0-7-5% for orange extracts.

Standard deviation of the method: 1-04 for tomato extracts;
3-09 for orange extracts.

method, based on pooled precision data, was deter-
mined to be 1-4 (Table 2).

Determination of ascorbic acid in fruit and vegetables

Quantitative analysis was carried out in tomato and
orange samples and five tomatoes or oranges were used
for analysis, according to the procedure given in the ex-
perimental section. The precision of the measurements
was determined by the three replicate measurements
performed for the same sample (Table 3). The CV (per-
centage of standard deviation divided by the arithmetic
mean) was found out to be 3-4-8:-2% for tomatoes and
4.0-7-5% for oranges. When compared to the CV values
obtained for pure solutions, the reproducibility of the
results of the repeated determinations on orange or
tomato extracts was found to be lower. This may be
due to the fact that the analysis for natural materials
included more steps.

A second polarographic wave was observed between
—0-2 and +0-1 V, generally in tomato and sometimes
in orange samples (Fig. 1). This interference was due to
the presence of glutathione, as described by Coulson et
al. (1950). The character of the ascorbic acid wave was
influenced by the presence of glutathione (e.g. the half-
wave potential shifted to more positive values and the
anodic wave was steeper). When working with orange
samples, a well defined anodic wave was obtained and
the content of glutathione was not as high as to affect
the ascorbic acid wave seriously. Tomato samples were
found to yield satisfactory anodic waves, although an in-
fluence of glutathione was observed (Fig. 1). When the
anodic wave of ascorbic acid did not coincide with the
residual current, a correction was applied by measuring

orange samples. The results (mean value of three
measurements) shown in Table 4 illustrate that the
measurements obtained by polarography are in fairly
good agreement with those obtained by titrimetric
analysis.

Even though only tomato and orange samples were
analysed in this laboratory, the method proposed is ap-
plicable to other fruit and vegetables when the measured
ascorbic acid range is from 25 to 250 ug/mi.

CONCLUSIONS

A method is presented in which ascorbic acid can be
determined easily by the polarographic technique. The
principal advantages with this method are its specific-
ity, comparative rapidity and applicability to highly
coloured solutions. It is also straightforward with easy
sample preparation steps, low reagent consumption and
time saving. In addition it does not require expensive
instrumentation. Thus these features make it suitable
for analysis of vitamin C in fruit and vegetables.
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