
THE USE OF HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY AS SCREENING TECHNIQUE FOR PECTIN AND 

PECTIN SUBSTANCES OF DIETARY FIBERS

G.N. IGNATYEVA 1*, PATRICIA MELGAREJO JUAN23**, SANDRA MONERA PICAZO23, DESIRÉE FOLLANA 

ÁLVAREZ23

¹ Murcia, Spain, c. Alfonso X El sabio, 4, Abanilla, 30640, Murcia, Spain

Tel: (34) 620207698 e-mail: *GJP.Ignatieva@Gmail.com
2“Mitrasolution”,

3University Miguel Hernández, ctra.3,2km Beniel 03312, Alicante, Spain

e-mail: ** patricia.melgarejo.juan@gmail.com

INTRODUCTION

MATERIAL AND METHODS

RESULTS AND DISCUSSION

ACKNOWLEDGMENTS
The author is very grateful to Roberto Vilaplana for his beneficial suggestions. The author greatly acknowledges all coworkers of his studies.

Finally, the author is also grateful to the University UMH of Elche, Spain.

CHEN, Z., G., EN, B., T., & ZHANG, Z., Q. 2006. Simultaneous determination of eight organic acids in Fructus mume by RP-HPLC. Zhongguo

Zhong Yao Za Zhi, 31, 1783–1786.

ELIAZ, I. 2011. Binding of galectin-3 by low molecular weight pectin. US Patent, 20110294755.

ELIAZ, I. 2001. The potential role of modified citrus pectin in the prevention of cancer metastasis. Clinical practice of alternative medicine, 2, 1-7.

GEOVANA, ROCHA, PLACIDO, MOORE, LUCIANA, RODRIGUES, DO CANTO, & EDNA, REGINA, AMANTE,. 2005. Cassava and

corn starch in maltodextrin production. Quim. Nova, 28 (4), 596-600.

GREGORY, W., WHITE, THOMAS, KATONA, & JULIUS, P. ZODDA. 1999. The use of high-performance size exclusion chromatography

(HPSEC) as a molecular weight screening technique for polygalacturonic acid for use in pharmaceutical applications. Journal of Pharmaceutical

and Biomedical Analysis, 20, 905-912.

M., A., MONSOOR, U., KALAPATHY, A., PROCTOR. 2001. Determination of polygalacturonic acid content in pectin extracts by diffuse

reflectance Fourier transform infrared spectroscopy. Food Chemistry, 74 (2), 233-238.

PIET, J.,H.,DAAS, PETER,W.,ARISZ, HENK,A.,SCHOLS, GERHARD, A., DE RUITER, ALPHONS, G.,J.,VORAGEN. 1998. Analysis of

partially methyl- esterifified galacturonic acid oligomers by high-performance anion-exchange chromatography and matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry. Analytical Biochemistry, 257 (2), 195-202.

RAVIN, GNANASAMBANDAM, PROCTOR, A. 1999. Preparation of soy hull pectin. Food Chemistry, 65 (4), 461-467.

SANG-HO, YOO, MARSHALL, L., FISHMAN, ARLAND, T., HOTCHKISS, Jr., HYEON, GYU, LEE. 2006. Viscometric behavior of high-

methoxy and low-methoxy pectin solutions. Food Hydrocolloids, 20, 62-67.

SARA, C., CUNHA, JOSÉ, O., FERNANDES, ISABEL, M.,P.,L.,V.,O., FERREIRA. 2002._HPLC/UV determination of organic acids in fruit

juices and nectars. Eur Food Res. Technol., 214 (1), 67–71.

SCHOLS, H., A., REITSMA, J., C., E., VORAGEN, A., G., J., & PILNIK, W. 1989. High performance ion exchange chromatography of pectins.

Food Hydrocolloids, 3 (2), 115–121.

S.,E.,Guillotin, A.,Van,Loey, P.,Boulenguer, H.,A.,Schols, & A.,G.,J.,Voragen. 2007.

Rapid HPLC method to screen pectins for heterogeneity in methylesterification and amidation. Food Hydrocolloids, 21 (1), 85-91.

S., VIDAL, P., WILLIAMS, M., A., O'NEILL, P., PELLERIN. Polysaccharides from grape berry cell walls. Part I: tissue distribution and structural

characterization of the pectic polysaccharides. Carbohydrate polymers, 45, 315-323.

THOMAS, STOLL, ANDREAS, SCHIEBER, REINHOLD, CARLE, 2003. Quantitative determination of saturated oligogalacturonic acids in

enzymatic digests of polygalacturonic acid, pectin and carrot pomace by on-line LC-ESI-MS. Anal. Bional. Chem., 377(4), 655-659.

CONCLUSION

In this study a rapid, accurate, precise, sensitive and selective HPLC method was developed for the determination of galacturonic acid,

polygalacturonic acid and pectin compounds. Moreover, this method is simple and inexpensive and it can be employed for the routine quality

control of dietary fibers. As shown here, this technique can be used for: “Targeted analysis of pectin compounds in plant tissues”. These

approaches are useful for characterizing natural products, pharmaceutical agents as well as dietary fibers. This can be used in a wide range of

applications, including:

– Quality control

– Compositional analysis

– Product stability

– Competitive analysis

– Nutritional studies.

The retention time 8.557min and 5.600min can be used to the direct qualification of galacturonic acid and polygalacturonic acid. The

retention time around 5.600 min was identified as time for the direct qualification and quantification of pectin fractions in dietary fibers. The

line calibration with regression line Y= 1009.8X – 14.774 was used for the quantification of pectin fractions in dietary fibers. The detection

limits 0.04%w/v. Good recovery results were obtained for the determination of water soluble and insoluble pectin fraction in 45 varieties of

dietary fiber samples in the validation set.

Figure 1 HPLC chromatograms of standard

galacturonic acid (A) and standard polygalacturonic

acid (B) solutions.

.

Figure 2 The calibration plots for galacturonic acid (A)

and polygalacturonic acid (B).

Figure 3 HPLC chromatograms of water soluble pectin solution (A)

and insoluble pectin solution (was diluted to 1:316.3 ratios) (B).

Pectin and polygalacturonic acid have applications as therapeutic and diagnostic pharmaceutical agents such as the magnetic resonance imaging agent Lumen Hance (Gregory, W et al., 1999). It has been demonstrated that modified pectin (MPC) to be effective in suppressing or preventing

metastases (Eliaz, I., 2001; Eliaz, I., 2011). Determination of individual pectin contents in fresh or dried biological materials and in their fiber products is an important mixed biopolymer analysis means and food nutrition analysis means for evaluating structure, quality and variety. In the past

years the analysis of water soluble pectin fraction and insoluble pectin fraction in dietary fibers has attracted the interest of the researchers due to their beneficial effects on health. It has been established that fibers in the diet can exert an antioxidant effect; preventing development of

atherosclerosis. Various methods have been reported for the determination of pectin in foods, or biological materials including titration (Alfonso, Garcia, E., 2010), spectrophotometry (M. A. Monsoor et al., 2001), mass spectrometry (Piet J.H. et al., 1998; Thomas Stoll et al., 2003). Most of

these methods are time-consuming. There is a need for a rapid analytical screening procedure to analyze the pectin. Many review articles covering different theoretical and practical aspects of chromatographic methods and its applications in different fields appeared: an HPLC (Geovana Rocha

Placido Moore et al., 2005), high resolution size-exclusion chromatography (HR-SEC) (S. Vidal et al., 2001), high-performance size-exclusion chromatography (HPSEC) (Sang-Ho Yoo, et al., 2006; Beda Marcel Yapo et al., 2007). Schols and other were able to separate pectin populations

present in commercial pectin compounds according to their charges, using an HPLC system equipped with an anion exchange column (MA7P column) on an analytical scale (Schols et al., 1989) (Piet J.H. et al., 1998). The HPLC method with aWAX column was found to

discriminate between commercial pectins efficiently: pectins with similar DM (degree of methylesterification) or similar DS (degree of substitution: methylesters and amide groups) having different physical

properties showed various populations (S. E. Guillotin et al., 2007).

The insoluble pectin fraction (AIP) was submitted followed by acid hydrolysis (Ravin, Gnanasambandam, Proctor, A, 1999). Ground fibers were extracted with 0.1 N HNO3, (1:20, ratio), at 90°C for 40 min in a rotary evaporator, cooled to room temperature in a water bath, and centrifuged (15

min). The supernatant was collected, and the sediment was extracted twice more in 0.1 N HNO3. All the three supernatants were combined and dispersed in equal volumes of 2–propanol to precipitate the pectin, and allowed to settle for about 4 h. The precipitate was collected, centrifuged,

dispersed in 2–propanol, stirred for 30 min and centrifuged. This was repeated one more time with 2–propanol and, finally, with 70% 2–propanol. The sediment was dispersed in a small amount of water and freeze dried. The pectin obtained by sequential extraction and the total pectin extracts

were each subjected to the following analyses.

The water soluble pectin fraction of dietary fibers was extracted with water, with phosphate buffer (pH 4.8) or with 0.01 N Phosphoric acid. This method was developed for identifying (WSP) pectin fraction with 0.01 N Phosphoric acid. The fiber (0.2 g) were dispersed in 100 ml of 0.01 N

Phosphoric acid and stirred for 1 h at room temperature. The supernatant was collected, and the sediment was extracted twice more in 0.01 N Phosphoric acid. All the three supernatants were combined, centrifuged. Combined supernatants, after centrifugation were concentrated in a rotary

evaporator and then the supernatants were each subjected to the following analyses.

HPLC apparatus. An Agilent 1100 HPLC system (Agilent Technologies, Palo Alto CA-USA) operated by Windows NT based ChemStation software was used. The HPLC equipment was used with a diode array detector (DAD). System consisted of a binary pump, degasser and auto sampler.

The column used was a C610H: 7.8 mm×300 mm. The ultra-violet spectra (scanning from 190 nm to 400 nm) were recorded for all peaks.

High-performance liquid chromatography method. In addition to the gravimetric and other determinations of WSP and AIP were analyzed by the high-performance liquid chromatography method (HPLC). Solutions of samples were filtered through a 0.22 µm pore size membrane filter before

injection to chromatography analysis. The HPLC (Ravin, Gnanasambandam, Proctor, A, 1999) was modified for identifying pectin. The HPLC was used to determine galacturonic acid content and pectin of the fiber. D-galacturonic acid monohydrate and polygalacturonic acid (Sigma) was used as

standard. All the standard solutions underwent the same type of treatment (were filtered through a 0.22 µm disposable filter disk). Phosphoric acid (0.01 N) with a flow rate 0.70 ml/min was used as the mobile phase. Ten μl of samples were injected and the detection wavelength was 210 nm. The

identification of compounds was achieved by comparing their UV spectra and retention times of separated peaks with retention times of standards. For comparison of retention times of galacturonic acid, polygalacturonic acid and pectin with pure standards of organic acids the flow rate of 0.5

ml/min and 0.7 ml/min was used.

Table 1 The chromatographic behavior of polygalacturonic acid standard solutions

Legend:*The flow rate was 0.5 ml/min (a) and 0.7 ml/min (b).

No. Flow rate b* Flow rate a*

Peak 1 Peak 2 Peak 1

Retention

time, min

Area,

mAU x s

Retention

time, min

Area,

mAU x s

Retention

time, min

Area,

mAU x s

1 5.602 11.210 n n 7.858 15.030

2 5.605 11.892 n n 7.856 16.060

3 5.603 12.910 n n 7.854 17.530

4 5.603 12.379 n n 7.854 17.070

5 5.599 15.656 n n 7.849 23.030

6 5.596 34.870 n n 7.836 56.930

7 5.598 496.92 8.009 77.033 7.847 668.29

Galacturonic acid. Chromatographic analyses of organic acids, based on the method described by Chen, En, and Zhang(et. al.,2006) were carried out using the HPLC equipped with UV detection at wavelength 214 nm; at 265 nm (Sara, C. Cunha et.al., 2002) and 210 nm, as was done in this

study. The HPLC elution of galacturonic acid standard at 0.7 ml/min resulted in two peaks in the region 5÷9 min. It was observed that the area of second peak is increased from 145.550 mAU x s to 3206.94 mAU x s as the galacturonic acid content increased from 4.49 x 10-2%g/ml to 100.3 x 10-

2%g/ml, respectively. According to the retention time of standard organic acids, the peak around 8.557 min can be attributed to galacturonic acid. Thus the retention time of this second peak may be used to identify the galacturonic acid. Data of the HPLC chromatogram of galacturonic acid is

presented in the figure 1A. In general the value of retention time for standard solution having 100.3 x 10-2%g/ml galacturonic acid was slightly higher (8.619 min) than for standard solution having 24.06 x 10-2%g/ml galacturonic acid (8.541 min) and 4.49 x 10-2%g/ml galacturonic acid (8.528

min) but these differences are less than <<0.5 min. The relative standard deviation of galacturonic acid qualification at 0.7 ml/min flow rate is 0.35%. The relationship between galacturonic acid content and peak area revealed a straight line with the correlation coefficient of 0.9997. Data were

fitted to the equation Y= 3227.8X – 0.3211 where “Y” is the peak area and “X” is concentration in %g/ml (Fig 2A). This linearity was maintained over the concentrations range of 0.04÷1.00%g/ml. The value of LOQ was found as 0.0042 for proposed method.

Polygalacturonic acid. The chromatographic behavior of standard solutions was studied by using the flow rate 0.5 ml/min (a) and 0.7 ml/min (b) (Tab 1). The mixtures of pectin, polygalacturonic acid and other organic acids resulted in low resolution of the chromatographic separation at 0.5

ml/min that usually is used for the analysis of organic acids and neutral sugars, thereby making complexity the identification and quantification of the polygalacturonic acid and pectin at this flow rate. The polygalacturonic acid is eluted at 7.851 min by using 0.5 ml/min. The use 0.7 ml/min

allowed accelerated elution of the polygalacturonic acid. The chromatograms corresponding to polygalacturonic acid showed a peak to approximately at 5.6 min (Tab 1).The change of mobile phase flow from 0.5 ml/min to 0.7 ml/min resulted in the variation of retention time for polygalacturonic

acid and significantly decreased of the peak area from 23.030; 56.930; 668.29 to 15.656; 34.870; 496.92, respectively. Gregory W. White and et. al (1999) have been reported that since polygalacturonic acid is insoluble in acidic aqueous solutions, therefore for procedure optimized of the solvent

system to be use a 50 mM phosphate buffer, pH 6.9. It was suggested the first, that the most successful approach to use the HPLC has been via the change pH of the solvent system. The second, using flow-rate of 0.7 ml/min, it was possible to obtain good quality chromatogram profile, injecting 10

μl into the column C610H. The peak position of polygalacturonic acid in range 5.596÷ 5.605 min at 0.7 ml/min was confirmed by HPLC analysis of this pure standard component (Fig 1B). The relative standard deviation, standard deviation, standard error and confidence interval of retention time

were 0.06%; 0.323 x 10-2; 0.108 x 10-2; 0.248 x 10-2 respectively. Deviations the retention time of standard solutions of polygalacturonic acid were between 5.596 min and 5.605 min for the 0.6÷50.0 x 10-2 %g/ml concentrations. The fitted model was represented by the calibration equation: Y=

1009.8X – 14.774 where “Y” is the peak area and “X” is the concentration in %g/ml with the correlation coefficient of 0.99 (Fig 2B). The calibration graph of the area versus concentration was found to be linear over 1.7÷50.0 x 10-2%g/ml range. The coefficient of correlation was 0.999 for the

three linear regression analyses.

Pectin. It is expected that the HPLC method established might also be useful for the direct determination of pectin fractions. The chromatograms corresponding to pectin fractions gave two peaks around 7.980 min and 8.748 min; 5.615 min and 5.855 min (Fig 3A; B) by using 0.5 ml/min and 0.7

ml/min flow rate, respectively. The metrological characteristics of retention time of water soluble pectin fractions and insoluble pectin fractions were as follows: standard deviation 3.55 x 10-2; standard error 0.725 x 10-2. These values were the greater than metrological characteristics of retention

time of polygalacturonic acid, but the relative standard deviation of retention time at a confidence probability of 0.95 does not exceed 0.63%. The chromatogram profile obtained for pectin solution in the presence of excipients was identical with that obtained for standard solution containing an

equivalent concentration of pectin fraction indicating that the retention time and the area of peak don’t change. The proposed method could be considered rugged. The variation in the statistic data of area detection (water soluble pectin fractions) were not statistically significant having average

Std.dev, average Std. error and average C.I. of means: 3.77; 2.13 and 8.87, respectively. The average relative standard deviation for area detection of solutions with lower concentration (e.g. water soluble pectin fractions) is 8.93% (RSD) at 0.7 ml/min flow rate. The average relative standard

deviation for area detection of solutions with higher concentration (e.g. insoluble pectin fractions) is 0.67% (RSD) at 0.7 ml/min flow rate. The results show that the proposed method was applied successfully for the assay of pectin fractions in dietary fibers and can be applied for characterizing

natural products, pharmaceutical agents as well as commercial dietary fibers, etc. Each flow rate of HPLC method (e.g. 0.5 ml/min; 0.7 ml/min) relates to the generation of a slight different retention time through variety of the concentration. Generation of the slight different retention time forms

the basis to the measurement of concentration range. The content of water soluble pectin fraction “X” in the solution was calculated by the calibration equation: Y= 1009.8X – 14.774. A more appropriate range for the concentration of pectin fractions is a 0.04÷0.19%g/ml that the retention time is

generated directly in a stable range 5.553÷5.625 min closer to the retention time corresponding to standard pure solution of polygalacturonic acid (5.600 min). The deviation of value of retention time by diluted of analytes is reduced compared to initial solutions with higher concentration. Pectin

solutions were diluted to 1:316.3 ratios in order to obtain detection responses within the range of the standard curve. The chromatogram for this solution is presented in the figure 3B. The relative standard deviation, std.dev, std. error and C.I. of retention time are 0.05%; 0.260 x 10-2; 0.082 x 10-2;

0.186 x 10-2 by using the dilution of initial solutions in 316.3 times, respectively. The relative standard deviation, std.dev, std. error and C.I. of retention time are 0.26%; 1.470 x 10-2; 0.463 x 10-2; 1.050 x 10-2 by using of initial solutions with higher concentration, respectively. From a comparison

of the all chromatograms, it could be clearly seen that the best separations are those achieved with column (C610H) with using 0.7 ml/min flow rate. In order to optimize the respective flow rate of elution, the water soluble pectin fraction and insoluble pectin fraction with the different

characteristics (molecular weigh 5÷70 KDa, galacturonic acid content 23.5÷74.7% and 0÷37.7% (DME) methoxyl content of pectin) were used. Firstly, the typical chromatogram profile of pectin solution by the HPLC method detailed here is corresponded to the chromatogram profile of

polygalacturonic acid standard. Secondly, the pectin with the molecular weight 5÷70 KDa, galacturonic acid content 23.5÷74.7%, degree of esterification 0÷37.7% were eluted at the same time as polygalacturonic acid of about 5.600 min between 5.599 min and 5.644 min. Thirdly, previous

studies indicated that the pectin may be detected at 210 nm as the polygalacturonic acid (S.E. Guillotin et.al., 2007). The method described above can be used to investigate the pectin with heterogeneity. We suggested that the concentration of polydispersity pectin samples having two peaks must

be received through summation of all area the related peaks.
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