INNOVATIVE HPLC METHODS DEVOTED

TO THE ANALYSIS OF FUNCTIONAL FOOD

AND NUTRACEUTICALS

CLAUDI0 CORRADINI, GIOVANNI CANALI, ROBERTA GALANTI, ISABELLA NICOLETTI

Istituto di Cromatografia del CNR ‑ Area della Ricerca di Roma

C.P. 10, 00016 Monterotondo Stazione (Roma)

ROSANNA STANCANELLI

Dipartimento Farmaco - Chimico, Facoltà di Farmacia,

Università degli Studi di Messina, V.le Annunziata, 98168 Messina

The primary role of our diet is to provide enough nutrients to fulfil metabolic requirements. while giving us a feeling of satisfaction and well‑being. However, it is well known that in addition to the nutrients which are involved in normal metabolic activity, food contain components that may provide additional health benefits.

Food as well as food ingredients containing health‑preserving components. are not considered conventional food, but can be defined as functional food. In recent years, the number of functional foods that have potential benefits for health has grown tremendously. Scientific evidence is accumulating to support the role ‑ of phytochemicals, functional foods, as well as dietary supplements in the prevention of disease..

These concepts in nutrition have, over the last 15 years, justified the efforts of health authorities in many countries, especially in Japan and in U.SA to stimulate and support research on physiological effects of food components and their health benefits and to authorise claims.

Moreover, considerable effort has also been devoted to improving the chemical characterisation of determined compounds and to developing new technique to provide more rapid methods of quality assessment. In this article we present the development and application of two chromatographic methodologies devoted to the separation and characterisation of flavonoids and fructans, which are of great interest and investigated for their health‑promoting potential.

Flavonoids

Flavonoids are a class of naturally occurring and structurally related compounds widely distributed in plant and plant food. Although flavonoids are considered to be non‑nutrition agents, there is an increasing interest in these substances because of possible effects on human health. Flavonoids have a variety of biological effects, such as antioxidants, antiviral, anti‑allergic and anti‑carcinogenic effects. All citrus fruits are characterised by substantial accumulation of flavonoids whose utilisation is of increasing interest. Hesperidin, the most abundant flavanone glucoside of orange peel, is known to increase capillary resistance in various conditions, including the maintaining normal vascular permeability and fragility, preventing cholesterol induced arteriosclerosis.

In previous works we optimised the chromatographic conditions to separate citrus fruit flavonoids by HPLC using a Phenomenex Luna C18 narrow bore reversed phase column (250 x 2.0 mm I.D.), under isocratic elutions. The proposed methods were applied to quantify flavanone glycosides naturally contained in citrus juices and citrus fruit extracts. In this article, we show results obtained applying the optimised method to determine flavanone glycoside contents in some commercially available dietetic supplements containing citrus extracts.

The best operating conditions with the proposed C18 narrow bore column were found to be a mixture of aqueous formic acid (pH 2.5) - ​acetonitrile‑2‑propanol (80:11:9 v/v) as the mobile phase; a flow rate of 200 l/min, and the column termostated at 30°C ((0,1°C). Under these conditions Neoeriocitrina, Narirutin, Hesperedin, Naringin and Neohesperidin can be sharply separated in less than 19 min by isocratic elution (see Figure 1).


In order to examine the reproducibility of the retention time, the mean value, the standard deviation (S.D.), and the relative standard deviation (R.S.D.) of the retention times were calculated from the chromatograms obtained by 24 repeated injections of equimolar solution of the above flavanone glycosides. The results are reported in Table 1 and show that R.S.D.s were better than 1.0% for the five compounds. The method was also validated regarding sensitivity, linearity and accuracy.

Under the analytical conditions described, the limit of detection, defined as the lowest mass of each injected flavonoid which gave a signal to noise ratio of 3, was determined to be 0,3 ng. The limit of quantitation, defined as the lowest mass of substance that allows the determination within 10% reliability, was found to be better than 2 g/ml for each analysed compound.

Table 1 Repeatability of retention time

Flavonoid
Retention time*
S.D. 
R.S.D.

(min)
(min) 
(%)

Neoeriocitrin
9.74
0.083
0.84

Narirutin
13.31
0.105
0.79

Hesperidin
14.85
0.114
0.77

Naringin
16.61
0.103
0.62

Neohesperidin
18.65
0.112
0.60

*mean value (n = 24)

Dosage of flavanone glycosides was performed by the method of the external standard. The calibration graphs were obtained by triplicate determinations of the standards compounds at five different concentrations. The peak area values (arbitrary units) were plotted as average value, and the relative percent average deviations of triplicates were less than 2.5% in all cases. All plots showed excellent linearity over the concentration range 2.5 ‑ 75 g/ml with correlation coefficients better than 0.9994, and nearly passed through the origin. The accuracy of the proposed method was confirmed by recovery experiments. Known amounts of flavanone glycosides were added to the analysed samples and the resulting spiked samples were subjected to the entire analytical procedure. The average recoveries for all analysed samples lied between 96.5 to 101.9, indicating that the method has an adequate degree of accuracy for the determination of the major flavanone glycosides in citrus fruit products.

The method was applied to the analysis of flavanone glycosides in sample of commercially available dietetic supplements containing citrus fruit extracts. A typical chromatogram of a product containing a Citrus Aurantium extract is depicted in Figure 2. Peaks with retention time of 16.60 min and 18.62 min are naringin and neohesperidin, respectively. These two flavanone glycosides are the most abundant flavonoids typically present in Citrus Aurantium. Trace of Neoeriocitrin (tr = 9.73), narirutin (tr = 13.30), and hesperidin (tr = 14.82) were also detected. Identification of flavanone glycosides was performed by characterising the sample peaks in terms of retention times and UV spectra. In addition, application of the peak purity software to the diode‑array data indicated no impurities present in any of the chromatographic peaks of interest. The chromatogram depicted in Figure 3 is also referred to a commercially available product, in which is declared on the label to contain an extract of immature Citrus Aurantium. However, from the chromatographic profile it is evident that we found significant amounts of narirutin (tr = 13.20) and hesperedin (tr = 14.83), typical flavanone glycosides present in Citrus Sinensis (sweet orange). Naringin (tr 16.54) and neohesperidin (tr = 18.62) were detected only at trace level.

Fructans

High‑performance anion‑exchange chromatography coupled with pulsed amperometric detection (HPAEC‑PAD) can be used for direct detection of nutritionally significant carbohydrates in food without the need for excessive sample pre-treatment. In previous works we described as good separation and quantitation of commonly occurring sugars, as well as alditols employed as low‑calorie sweeteners, were obtained upon selection of the column and optimisation of the alkaline mobile phase composition. In this part of our article we briefly describe the development, optimisation and validation of chromatographic methods to characterise fructans and fructooligosaccharides (FOS) recognised as fibre ingredients in functional foods. Fructans, and FOS are nondigestible carbohydrates of the non‑glucan type which resist hydrolysis by salivary and intestinal digestive enzymes. On the basis of their nondigestibility, they can be considered in the same way as dietary fiber components and can be defined as prebiotic food ingredients.

Fructans and FOS are naturally occurring storage carbohydrates present in numerous plant. They are defined as polydisperse either linear or branched chain carbohydrates with a degree of polymerisation (DP) ranging from 3 to 60. The low‑molecular weight fractions (DP 3 to 10) are commonly known as FOS or oligofructose. Their molecular major structure GFn (where G = glucose, F = fructose, n = number of monosaccharides) is represented by n D‑fructofuranosyl units (Fn) linked by 2‑1) bonds. The wide range of compounds included in this class of carbohydrate may present a problem in their characterisation and analysis.

The chromatographic profiles of different fructans and FOS. which are widely employed as ingredients in functional food, are reported in Figure 4. Panel A and B show the distribution of fructans of inulin‑type.

They usually are unbranched carbohydrates either containing oligo‑ and polysaccharide fractions (Panel B) or only fructans of high molecular weight (Panel A). The chromatographic profile of a commercial product which is mainly a mixture of 1‑kestose (GF2), nystose (GF3) and -​fructofuranosylnystose (GF4), with small amount of fructose, glucose and sucrose is depicted in Panel C; finally, Panel D shows the oligosaccharide distribution of linear short‑chain FOS. From the results reported in figure 4, it is evident that in the initial phase of our work, we were concerned with selecting the suitable column and optimising eluent composition and gradient elution, in order to achieve the maximum separation in a reasonable time.
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