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A quick method for the simultaneous determination of ascorbic acid
and sorbic acid in fruit juices by capillary zone electrophoresis
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Abstract

A method of quickly determining ascorbic acid and sorbic acid by capillary zone electrophoresis with ultraviolet detection was de-
veloped. The choice of background electrolyte, wavelength, injection time and applied voltage were discussed. Ascorbic acid and sorbic
acid were well separated in 80 mmol L−1 boric acid–5 mmol L−1borax (pH = 8.0) in 5 min at the detecting wavelength of 270 nm. Un-
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er the optimum condition, the method has linear ranges of 2.54–352.00 mg L−1 for ascorbic acid and 1.08–336.39 mg L−1 for sorbic acid
ith the detection limit of 1.70 mg L−1 for ascorbic acid and 0.54 mg L−1 for sorbic acid, respectively. Other organic acids in fruit ju
ave no effect on the detection. This method is very feasible and simple and can be used to detect ascorbic acid and sorbic

uices.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Ascorbic acid is an important micronutrient and can re-
uce the oxidative damage caused by free radicals. Sev-
ral methods used to determine ascorbic acid have been
ublished, including high-performance liquid chromatogra-
hy (HPLC)[1–3], gas chromatography (GC)[4], flow in-

ection spectrophotometry[5], sequential injection analysis
6], voltammetry [7,8], calorimetry[9], flame atomic ab-
orption spectrometry[10], amperometry[11], enzymatic
pectrophotometry[12], polarography[13] and titration
14].

Sorbic acid and its salts are allowed in pharmaceuti-
al, cosmetic and food products as anti-fungal preservatives
gainst moulds and yeasts. Previous studies have reported

he determination of sorbic acid in foods by HPLC[15–17],
C [18],thin layer chromatography[19,20], titrimetry[21],
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colorimetry spectrophotometry[22,23], and micellar elec
trokinetic capillary electrophoresis[24].

Fruit juices contain abundant ascorbic acid which b
fits health and increases vitality. Preservatives such as s
acid and its salts can stop germs and moulds from spo
the nurture in fruit juices. The appropriate preservatives
pear to be safe, which have been tested by many labora
throughout the world[25]. However, individuals may be se
sitive to various preservatives, so the kinds and the am
of the preservatives must be controlled[26].

Capillary electrophoresis (CE) possesses the ad
tages of short-analysis time, small-consuming sam
high-separation efficiency, simple-experiment operation
so on. The simultaneous determination of ascorbic
and sorbic acid by capillary zone electrophoresis (C
has never been published. In the present work, a q
facile, sensitive and selective method for the determina
of ascorbic acid and sorbic acid in fruit juices by C
was developed. Ascorbic acid and sorbic acid were
separated in 5 min with a stable baseline in 80 mmol−1

boric acid–5 mmol L−1 borax (pH = 8.0).
039-9140/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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2. Experimental

2.1. Chemicals

Ascorbic acid was purchased from Beijing Yili Fine
Chemicals Co., Ltd. (China) and sorbic acid from the
Pharmacy Faculity of Second Military Medical University
(China). Anisic acid was obtained from International Dis-
pensary Co., Ltd. (China). Tartaric acid and sodium hydrox-
ide were from Beijing Chemical Plant (China), citric acid
from Chengdu Chemical Reagent Factory (China), malic acid
from Changmao Biochemical Engineering Company Ltd.
(China), folic acid from Shanghai Chemical Reagents Com-
pany (China), boric acid from Beijing Chemical Reagent
Factory (China), borax from Beijing Xinguang Chemical
Reagent Factory (China), sodium dihydrogen phosphate and
disodium hydrogen phosphate from Hongxing Chemical
Reagent Factory (Beijing, China). All reagents were of ana-
lytical purity and used without further purification.

2.2. Apparatus

All experiments were performed on a laboratory-built
CE unit, which comprised a±30 kV high-voltage supply
(Shanghai Institute of Nuclear Research), a CV4 variable-
wavelength detector (ISCO, Lincoln, USA) operating at
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50%) were purchased from the local supermarkets. The tur-
bid fruit juices were centrifuged for 5 min at 10× 103 ×
g (Centrifugal Machine, Xinzhuan Drainage and Irrigation
Machinery Plant, China) and filtered through a 0.45-�m fil-
ter membrane. Orange juice and apple juice were diluted with
double-distilled water to 1:10 (v/v) while orange drink con-
centrated to 1:100 (v/v).

3. Results and discussion

3.1. Choice of background electrolyte

The background electrolyte (BGE) affects the migration
time and the separation between compounds, directly. The
most popular buffers for CE are phosphate, borate, zwitteri-
onic compounds and acetate. Faster separations are obtained
in CE when the electrophoretic vector and the electroos-
motic flow are in the same direction. Since ascorbic acid
and sorbic acid are weak acids, a weak basic buffer system
is preferred to have a suitable migration time: 20 mmol L−1

phosphate (pH = 8.0), 20 mmol L−1 borax–HCl (pH = 8.0),
10 mmol L−1 boric acid–10 mmol L−1 phosphate (pH = 8.0)
and 80 mmol L−1 boric acid–5 mmol L−1 borax (pH=8.0)
were tried. Ascorbic acid and sorbic acid were separated in
t −1 =
8 ideal
i
b a-
t ever,
a ed ab-
s
a ub-
s com-
p d the
c ond
w ion of
70 nm, and a 75�m-i.d., 360�m-o.d. fused-silica capi
ary tube (Yongnian Optical Conductive Fiber Plant, He
hina). The total length of the capillary was 55 cm, and
etection was performed at 40 cm downstream. The sam
ere introduced into the anionic end of the capillary by g

ty, 6.5 cm height for 8 s. The pH meter was from Shan
nalytical Instrument Factory of China.

.3. Procedure

Boric acid, borax, sodium dihydrogen phosphate
isodium hydrogen phosphate were dissolved in dou
istilled water respectively to prepare the concentration
.2 mol L−1, 0.1 mol L−1, 0.1 mol L−1, 0.1 mol L−1 as the
tock solutions. The stock solutions were diluted with dou
istilled water to the desired concentration. The sample
uffer solutions were filtered through a 0.45-�m cellul
cetate filter membrane (Jiangsu Qilin Medical Instrum
actory, China).

The capillary was conditioned for 30 min with 0.1 mol L−1

aOH and 10 min with water. Additionally, the capillary w
ashed for 2 min with 0.1 mol L−1 NaOH, for 2 min with
ater and for 5 min with the running buffer before each
etween runs, the capillary was washed with running bu
he experiment was done under constant temperature (2◦C)
nd constant humidity (40%).

.4. Samples

Orange juice (fruit content≥ 10%), apple juice (fruit con
ent ≥ 20%) and orange drink concentrate (fruit conten≥
he above BGEs except for 20 mmol L phosphate (pH
.0). The sensitivity and the shape of the peak were not

n 20 mmol L−1 borax–HCl (pH = 8.0), and in 10 mmol L−1

oric acid–10 mmol L−1 phosphate (pH = 8.0), the migr
ion time got longer and the peak became broader. How
scorbic acid and sorbic acid were separated and detect
olutely in 5 min with a stable baseline in 80 mmol L−1 boric
cid–5 mmol L−1 borax (pH = 8.0), and there was also a s
tantial improvement in peak sharpness and symmetry
ared with the other BGEs. The reason is that boric ion an
ompound containing hydroxide radicals form a chelate b
hich can increase the negative charge and the resolut

Fig. 1. The reaction of H3BO3 and hydroxide.
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the compounds (Fig. 1)[27]. Therefore, boric acid–borax was
chosen as the BGE in this experiment. The effect of different
electrolyte concentrations on the separation of ascorbic acid
and sorbic acid showed that higher buffer concentrations gave
longer migration time and broader peak. The electrophero-
grams of the above BGEs revealed that 80 mmol L−1 boric
acid−5 mmol L−1 borax (pH = 8.0) was suitable.

Maybe there are some other organic acids in juices, such as
citric acid, malic acid, folic acid and so on. In order to affirm
if other acids interfere reciprocally, 3.00× 10−5 mol L−1 tar-
taric acid, citric acid, malic acid and folic acid were added to
ascorbic acid and sorbic acid standard solution, respectively.
The peak areas and the migration times remain unchanged,
showing the absence of the interferences from the above or-
ganic acids.

3.2. Choice of wavelength

The peak areas of ascorbic acid and sorbic acid were mea-
sured by varying the ultraviolet band from 240 to 280 nm
(Fig. 2). Considering ascorbic acid and sorbic acid at the
same time, 270 nm was preferred.

3.3. Choice of applied voltage
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Fig. 3. The effect of the separation voltage on the migration time of ascorbic
acid and sorbic acid. BGE: 80 mmol L−1 boric acid–5 mmol L−1 borax (pH
= 8.0); injection: 6.5 cm× 8 s; UV band: 270 nm.

changed, the injection time decides the injection amount. In-
jections of 3.0× 10−5 mol L−1 ascorbic acid and sorbic acid
standard solution for 4, 6, 8, 10 and 12 s were performed.
When the injection time was greater than 8 s, the sensitivity
did not change significantly while the peak shapes became
poorer because of the band broadening. As a result, an injec-
tion time of 8 s was selected as the best.

3.5. Linearity, reproducibility and detection limit

Using the optimized instrumental and operational pa-
rameters for ascorbic acid and sorbic acid standard solu-
tion, the linearity of the method was calculated and ex-
pressed as the correlation coefficient and the reproducibil-
ity of the method was measured by replicate injections
of the standard solution. There was excellent linearity be-
tween the peak area and the concentration of the analyte
in the range of 2.54–352.00 mg L−1 for ascorbic acid and
1.08–336.39 mg L−1 for sorbic acid. Ascorbic acid and sor-
bic acid were separated completely during the linearity range
at larger concentrations. Nevertheless, the shapes of the peaks
became poorer and the migration times increased compared
with those at smaller concentrations. The calibration graphs
obtained for the two compounds were described by the equa-
tions:y = 19.89x+ 0.32 for ascorbic acid andy = 24.93x+
0 nd
x is-
s the
p
a d
a and
s con-
c
f

3

pro-
c ed
The efficiency of the separation improves and the m
ion time shortens when the applied voltage is increased
he higher voltage will result in the peak broadening and
fficiency of the separation falling because of the Joule

ng effect. In this experiment, the migration time of the p
as measured as the applied voltage increased from
2.5 kV (Fig. 3). The current increased slightly and was
ays under 10�A. A voltage of 20 kV was selected as t
est applied voltage.

.4. Choice of injection time

The samples are introduced into the anionic end o
apillary by gravity. When the injection height remains

ig. 2. The effect of UV wavelength on the peak areas of ascorbic aci
orbic acid. BGE: 80 mmol L−1 boric acid–5 mmol L−1 borax (pH = 8.0)
pplied voltage: 20 kV; current: 10�A; injection: 6.5 cm× 8 s.
.21 for sorbic acid, wherey represents the peak area a
, the concentration (mol L−1) of the standard analyte d
olved in distilled water. The correlation coefficients for
eak areas of ascorbic acid and sorbic acid werer = 0.9969
ndr = 0.9980. The R.S.D. values (n= 7) for ascorbic aci
nd sorbic acid were 2.89% and 2.56%. Ascorbic acid
orbic acid were easily detected without interference at
entration of 1.70 mg L−1 for ascorbic acid and 0.54 mg L−1

or sorbic acid, at a signal to noise ratio of three.

.6. Application

Three different fruit juices were prepared using the
edure developed as inSection 2.4. Anisic acid was us
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Fig. 4. The electropherograms of the samples. 1, Ascorbic acid; 2, unknown component; 3, anisic acid; 4, sorbic acid. (a) 3.0× 10−5 mol L−1 ascorbic acid +
5.0× 10−5 mol L−1 anisic acid + 3.0× 10−5 mol L−1 sorbic acid; (b) orange juice + 5.0× 10−5 mol L−1 anisic acid; (c) orange juice + 5.0× 10−5 mol L−1

anisic acid + 1.5× 10−5 mol L−1 sorbic acid; (d) apple juice + 5.0× 10−5 mol L−1 anisic acid; (e) apple juice + 5.0× 10−5 mol L−1 anisic acid + 1.5×
10−5 mol L−1 sorbic acid; (f) orange drink concentrate + 5.0× 10−5 mol L−1 anisic acid. BGE: 80 mmol L−1 boric acid–5 mmol L−1 borax (pH = 8.0); applied
voltage: 20 kV; current: 10�A; injection: 6.5 cm× 8 s; UV band: 270 nm.

Table 1
The results for CE analysis of ascorbic acid and sorbic acid

Sample The average value found (mg L−1) R.S.D. (%) (n= 7) Added (mg L−1) Amount found (mg L−1) Recovery (%)

Orange juice
Sorbic acid – – 16.82 16.65 99.0
Ascorbic acid 53.12 3.00 52.84 103.52 97.7

Apple juice
Sorbic acid – – 16.82 16.60 98.7
Ascorbic acid 145.73 2.95 52.84 193.60 97.5

Orange drink concentrate
Sorbic acid 113.36 2.74 168.20 276.49 98.2
Ascorbic acid 898.86 2.77 528.40 1388.72 97.3

‘–’, representing value not found; the concentration that before dilution; other conditions as inFig. 4.

as the internal standard, and the chromatograms are depicted
(Fig. 4). The determination results of ascorbic acid and sorbic
acid in the samples are listed inTable 1, which confirm that
all these three juices contain abundant ascorbic acid and that
orange juice and apple juice contain no preservative, while
orange drink concentrate contains sorbic acid. The assay indi-
cates that the analytical method proposed is adequate for the
determination of ascorbic acid and sorbic acid in fruit juices.
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