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Abstract A new method for the analysis of α-tocopherol in
tropical fruits by ultra performance convergence chromatog-
raphy (UPC2) was developed for the first time. Five varieties
of tropical fruit samples were separately saponified under
classical heating and extracted with ether. The extracted α-
tocopherol was separated on a BEH column, with a mobile
phase consisting of CO2 and methanol, with a gradient elution
(99:1 to 90:10), and detected with diode array detector at
293 nm. The limit of detection (LOD) and limit of quantifi-
cation (LOQ) were about 60.0 and 103.3 ng, respectively. This
method was considered to be simple, fast and reliable, and
successfully applied to analysis of α-tocopherol in tropical
fruits. The values of α-tocopherol in pitaya, jackfruit, durians,
mango, and papaya ranged from 0.16 to 0.45 mg/100 g dry
weight in edible portion. Recovery rates obtained by the
standard addition method on these tropical fruit samples
ranged from 95.4 to 101.4 % with high repeatability (RSD,
1.2–2.6 %).
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Introduction

Vitamin E, composed by α-, β-, γ-, and δ-tocopherols and
tocotrienols, is widespread in plant tissues including herbs,
green leafy vegetables, leguminous plants, oilseeds, grains,
wheat, and to a lesser extent in animal foods such as fish, eggs,
milk, and liver (Boschin and Arnoldi 2011; Chung et al. 2013;
Hussain et al. 2012; 2013; Iglesias et al. 2012; Kraujalis and
Venskutonis 2013; Monge-Rojas and Campos 2011; Pinheiro-
Sant’Ana et al. 2011). As one of the major antioxidants,
vitamin E is an essential micronutrient for humans and ani-
mals since it can protect cell membranes from oxidation and
low-density lipoproteins against lipid peroxidation by scav-
enging free radicals, therefore, reducing the risk of pathophys-
iology of cardiovascular disease (Pekmezci 2011; Wade et al.
2013).What is more important is thatα-tocopherol is the most
biologically active member of the vitamin E family
(Salinthone et al. 2013). However, the Chinese Food Compo-
sition Table contains few data on the α-tocopherol content of
tropical fruits, and information on the nutritional values of
fresh and processed Chinese fruits is needed for the benefit of
consumers.

So far, various methods are developed for the analysis and
quantification of α-tocopherol in food and supplement matri-
ces. A spectrophotometric method has been applied to specific
determination of α-tocopherol in a variety of grains and seeds
(Prieto et al. 1999). Non-aqueous capillary electrophoresis
(NACE) method is applied to assay of α-tocopherol in vege-
table oils. And the methods based on liquid chromatography
(LC) both with normal and reversed chromatographic phases
(RPLC) for the α-tocopherol analysis have been found in the
literature (Grebenstein and Frank 2012; Nagata et al. 2011;
Santos et al. 2012). Among these technologies, high-
performance liquid chromatography (HPLC) equipped with
MS or NMR has been used successfully in the analysis of α-
tocopherol present in many food matrices (Annunziata et al.
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2012; Chen et al. 2011; Darnet et al. 2011; Jadoon et al. 2010;
Plozza et al. 2012; Slavin and Yu 2012; Strohschein et al.
1999; Tangolar et al. 2011). α-Tocopherol has also been
analyzed by gas chromatography flame ionization detector
(GC/FID) and gas chromatograph mass spectrometry (GC/
MS) method (Hussain et al. 2013; Jokić et al. 2012). As a
latest chromatography technology, ultra performance conver-
gence chromatography (UPC2), which integrate the advan-
tages of supercritical fluid chromatography (SFC) and ultra
performance liquid chromatography (UPLC) technologies
and allow a rapid, reliable, and cost-effective separation and
quantification analysis, is regarded as the substituent of nor-
mal HPLC, the orthogonality and complementary to RPLC
and GC.

In this work, a new analytical method of α-tocopherol
based on UPC2 has been described for the first time, which
shows a good linear correlation for low levels of concentration
and an adequate resolution for a short runtime. Moreover, the
method has also been efficiently validated and applied to
characterize α-tocopherol in five tropical fruit samples.

Materials and Methods

Chemicals and Reagents

The standard of DL-all-rac-α-tocopherol (purity≥96 %) was
purchased from Sigma Aldrich (St. Louis, MO) and stored at
4 °C until use. Carbon dioxide (99.999 %) was purchased
from Foshan Kedi Gas Chemical Industry Co., Ltd, Guang-
dong. HPLC grade methanol was obtained from Fisher Sci-
entific Co. (Pittsburgh, PA). Deionized water (<18 MΩ cm−1

resistivity) was obtained using a Milli-Q SP® reagent water
system (Millipore, Bedford, MA). Other chemicals (analytical
grade) were purchased from Sinopharm Chemical Reagent
Co., Ltd (Beijing, China). All solvents were filtered through
0.45-μm filters (Millipore, Bedford, MA) before use.

Raw Materials

Five varieties of fresh tropical fruits including pitaya, jack-
fruit, durians, mango, and papaya were purchased at the local
supermarket in Zhanjiang, Guangdong, China. They were
stored at 4 °C prior to use.

Sample Preparation

The edible portion of the same fruit was cut into small pieces
and homogenized in a commercial homogenizer and freeze-
vacuum dried for 12 h in a dark room, and then quickly
ground into powder with a mortar and pestle. The extraction
was completed according to the method of AOAC (2000) with
some modifications. In brief, saponification of α-tocopherol

was achieved by placing 6–12 g of the freeze-dried powder in
a brown glass saponification flask, followed by adding 45 ml
of anhydrous ethanol containing 5 ml of 10 % vitamin C and
10 ml of 50 % potassium hydroxide solution. The resulting
mixture was refluxed in a boiling water bath for 30 min, and
then cooled down in ice water; after adding 85 ml of ether, the
contents were mixed by continuous shaking for 2 min. After
separation of the two layers, the upper layer was transferred
into a brown glass separatory funnel, and the sample was
twice extracted with 25 ml of ether. The combined ether
extract was washed with about 100 ml of deionized water
until alkali-free. The ether solution was dried over anhydrous
sodium sulfate and evaporated in a rotary evaporator (Buchi,
Switzerland) under vacuum in a 50 °C water bath. The residue
was dissolved in 2.0 ml of methanol for analysis.

Standard Preparation and Calibration

Approximately 0.2 gα-tocopherol was weighed into a 100-ml
volumetric flask and diluted to volume with ethanol (HPLC
grade), and then shaken well to dissolve. The stock standard
solution was stored at 4 °C in an explosion-proof freezer and
diluted before use. α-Tocopherol was quantified by calibra-
tion curve ranging from 0.1 to 2.0 mg/ml. An analytical curve
was constructed using five increasing concentrations. A linear
correlation between peak areas and concentrations was deter-
mined. The linear regression equation obtained was used to
calculate the content of α-tocopherol in fruit samples.

Apparatus and Optimization of Chromatographic Conditions
for Analysis

Analysis ofα-tocopherol was performed using the ACQUITY
UPC 2™ system (Waters, USA) with a diode array detector.
The system was controlled using Empower 3 software. We
used the UPC2 and an ACQUITY UPC2 BEH column (3.0×
100 mm, 1.7 μm) at 50 °C with greater efficiency for the
separation of α-tocopherol with a mobile phase consisting of
carbon dioxide (CO2, 99.999%) andmethanol. The efficiency
of chromatographic separation of α-tocopherol was evaluated
from tests with different proportions of mobile phases, flow
rate, and back pressure (data not shown). And appropriate
injection volumes (0.2–10 μl) based on the samples with
variable α-tocopherol contents was also investigated. Identi-
fication and quantification of α-tocopherol was respectively
performed by comparing retention times and peak areas ob-
tained for standard and samples, analyzed under the same
conditions.

Method Validation

The linearity range was obtained on the previously optimized
chromatographic conditions from the injection of five
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increasing concentrations of the standard solution of α-
tocopherol. The data of peak areas of α-tocopherol were used
for linear regression analysis. The correlation coefficient (R2)
obtained was used to assess linearity (Pinheiro-Sant’Ana et al.
2011).

The limit of detection (LOD) of the method was deter-
mined considering a signal-to-baseline noise ratio of three
with reference to the background noise obtained from blank
sample. The limit of quantification (LOQ) was determined
considering a signal to the detection limit ratio of nine.

The accuracy and precision of the method were tested with
recovery test by adding known concentrations of α-
tocopherol in five tropical fruit samples. To evaluate recovery,
triplicate samples of each fruit (approximately 6.0 g) were
carefully weighted in volumetric flasks, and then standard

solutions at low, medium, and high concentrations (50 %,
80 %, and 120 % of the original α-tocopherol contents,
respectively) were added respectively for the procedure of
extraction and analysis. The recovery values were obtained
from the percent difference between the contents added and
analyzed.

Results and Discussion

Optimization of Chromatographic Conditions

Analysis of the α-tocopherol was conducted using the chro-
matographic condition that presented the best results. Accord-
ing to the previous study, the optimized conditions were
mobile phase consisting of (A) CO2 and (B) methanol, a linear
gradient elution (0 min, 99:1; 0.5 min, 90:10; 2 min, 99:1),
and a flow rate of 1.8 ml/min; the injection volume was 1 μl.
Unless stated otherwise, the ABPR is 1,880 psi and the
detector wavelength was set at 293 nm with compensation
from 400 nm to 500 nm. The qualitative and quantitative
measures of α-tocopherol in samples were based on retention
times and peak areas.

Method Validation

The linearity range varied between 0.05 and 2.0 mg/ml for α-
tocopherol, using the conditions optimized in this study. It can

Fig. 1 UPC2 analysis of α-
tocopherol in tropical fruits. a
Standard solution of α-
tocopherol, b fruit sample

Table 1 Contents and recoveries of α-tocopherol in tropical fruits
analysis by UPC2

Food items α-Tocopherol
(mg/100 g DW)

Recovery
(n=6, %)

RSD
(n=6, %)

Pitaya 0.45 ± 0.04* 96.9 1.5

Jackfruit 0.20 ± 0.01 97.3 2.1

Durians 0.36 ± 0.02 95.4 1.4

Mango 0.16 ± 0.01 96.0 2.6

Papaya 0.26 ± 0.04 101.4 1.2

*Values are expressed as means ± standard deviations of six
measurements
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be observed that the linearity range for α-tocopherol was
wide, which ensures acquisition of reliable data for fruits with
low and high contents of α-tocopherol. The correlation coef-
ficient (R2) was 0.9995.

Recoveries of α-tocopherol in the five samples of tropical
fruits ranged from 95.4 (durians) to 101.4 % (papaya). And
the respectabilities of the measurements were high (RSD, 1.4–
2.6 %) (Table 1). In general, good recovery percentages were
found for α-tocopherol, which decrease the chances of losses
during extraction and analysis, and guarantee reliability of the
optimized method.

The LOD and LOQ were approximately 60.0 and
103.3 ng/ml. It can be noticed from the values obtained
that LOD and LOQ were low, suggesting that the stan-
dard method allows detection of small quantities of α-
tocopherol.

Analysis of α-Tocopherol in Tropical Fruits

Figure 1a illustrates the typical chromatographic profile
obtained from the standard solutions of α-tocopherol.
The typical chromatographic profile of the tropical fruit
samples analyzed in this work is shown in Fig. 1b. It is
observed that α-tocopherol occurred in all samples. And
it is verified that the extraction method of the samples
allowed perfect identification and quantification of α-
tocopherol.

The contents of α-tocopherol of five tropical fruits are
presented in Table 1. It is observed that the α-tocopherol
content varied widely according to the type of fruits evaluated.
The highest α-tocopherol content in the edible portion was
found in pitaya (0.45 mg/100 g DW), followed by durian
(0.36 mg/100 g DW), papaya (0.26 mg/100 g DW), jackfruit
(0.20 mg/100 g DW), and mango with the lowest one
(0.16 mg/100 g DW). It was also noted that the method used
in this study was effective in extracting α-tocopherol present
in the samples, including those in lower concentrations, which
may be suitable for analysis of α-tocopherol in various food
matrices. The values of α-tocopherol contents in selected fruit
samples of this study agree with previous publications (data
not shown; Charoensiri et al. 2009; Corral-Aguayo et al. 2008;
Hadi and Hayati 2006) when taking fruit varieties and matu-
rity, sample preparation, and determination method into
consideration.

Conclusions

Tropical fruits are rich natural sources of antioxidants such as
α-tocopherol for humans and animals; so, a rapid analytical
method to evaluate its content and level is needed. After
saponification and extraction with ether, α-tocopherol in five
varieties of tropical fruits was satisfactorily determined by

using a UPC2 system with a diode array detector. The result
shows a rapid (retention time of about 0.4 min), sensitive, and
highly reproducible separation and quantification, which have
also been described for the first time in food matrix. This
method is considered as a potential substituent of normal
HPLC, the orthogonality and complementary to RPLC and
GC in the analysis of α-tocopherol in different types of food
matrix. Moreover, the information of this study will be useful
for selection of high-quality raw materials for the exploitation
of healthier fruit product processing.
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