This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Quantitative Analysis of the Molecular Weight Distribution of Inulin by
Means of Anion Exchange HPLC with Pulsed Amperometric Detection

J. W. Timmermans®; M. B. van Leeuwen?; H. Tournois?; D. de Wit J. F. G. Vliegenthart®
@ ATO-DLO, Wageningen, The Netherlands ® Department of Bio-organic Chemistry, Bijvoet Center,
Utrecht University, Utrecht, The Netherlands

To cite this Article Timmermans, J. W. , van Leeuwen, M. B. , Tournois, H. , de Wit, D. and Vliegenthart, J. F. G.(1994)
'Quantitative Analysis of the Molecular Weight Distribution of Inulin by Means of Anion Exchange HPLC with Pulsed
Amperometric Detection’, Journal of Carbohydrate Chemistry, 13: 6, 881 — 888

To link to this Article: DOI: 10.1080/07328309408011688

URL: http://dx.doi.org/10.1080/07328309408011688

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328309408011688
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 27 23 January 2011

Downl oaded At:

J. CARBOHYDRATE CHEMISTRY, 13(6), 881-888 (1994)

QUANTITATIVE ANALYSIS OF THE MOLECULAR WEIGHT DISTRIBUTION OF
INULIN BY MEANS OF ANION EXCHANGE HPLC WITH PULSED
AMPEROMETRIC DETECTION

J.W. Timmermans.” M.B. van Leeuwen.” H. Tournois,” D. de Wit,” and I.F.G. Vliegenthart*

'ATO-DLO. P.O.Box 17, 6700 AA, Wageningen, The Netherlands
“Department of Bio-organic Chemistry, Bijvoet Center, Utrecht University, P.O.Box 80.075,
3508 TB, Utrecht, The Netherlands

Received December 24, 1993 - Final Form May 10. 1994

ABSTRACT

A method. using anion exchange chromatography and pulsed amperometric detection, is
described for quantitative analysis of the oligosaccharides present in inulin. The analysis of a
number averaged and molecular weight averaged degree of polymerisation and the dispersion
of inulin and inulin fractions is given.

INTRODUCTION

Inulin (Fig. 1) is a storage carbohydrate found in many plant species and several crops.
Worldwide, many researchers are examining its structure and properties in order to facilitate
the development of new applications. However, methods for the quantitative analysis of the
composition of inulin are not available. Inulin oligomers with a degree of polymerisation (DP)
up to 8 have been quantitatively analyzed' using High Performance Anion Exchange
chromatography with Pulsed Amperometric Detection (HPAEC-PAD). This is not sufficient
because inulin from, e.g., chicory, contains much larger oligomers. In this report a method is
described, based on HPAEC-PAD, for quantitative analysis of inulin oligomers with DP up to
17. Furthermore, the number average DP (5,1) and weight average DP (Ew) of inulin from

chicory have been determined.
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Fig. 1. Primary structure of oligosaccharides present in inulin.

RESULTS AND DISCUSSION

In the isolated inulin oligomers with DP 2-5 no other sugars could be detected using
HPAEC-PAD. The oligomers with DP 11-17 were 95-98% pure according to HPAEC-PAD
(Fig. 2). The retention time on the RP-18 HPLC column increases strongly when the DP
increases from 2 to 6. Also for DP 9-17 the retention time increases with DP, however, this
etfect is significantly smaller. A transition between these series is formed by DP 7 which co-
clutes with DP 6 and DP 10, and DP 8 which co-elutes with DP 9. It has been suggested® that
this chromatographic behaviour is due to a difference in complex formation with metal ions,
but this is not very likely because pure inulin and eluents have been used. A possible

explanation is that GF,-GF; are unfolded flexible molecules, which can easily interact with the
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Fig. 2. HPAEC-PAD analysis of the inulin fractions obtained with RP 18 HPLC, using the
water/methanol system.

acyl chains of the stationary phase, whereas inulin oligosaccharides larger than GF, are
compact molecules with, e.g., a helical structure.

For analysis on HPAEC-PAD, all samples were injected two or three times for 24
different concentrations (Table 1). The measurements were carried out on three different days
which will be referred to as series A, B and C. Concentrations of the individual compounds
varied from 1.4 to 198 mg/L. In Fig. 3, the peak area is depicted as a function of the mass
concentration. The curves obtained deviated slightly from a straight line up to concentrations
of ca. 25 mg/L (Fig. 3a). For concentrations from 25 up to 200 mg/L (Fig. 3b) this deviation
was very large. All peak areas (PA) have been fitted to the mass concentrations (w) using
linear (equation 1) and nonlinear (equation 2) regression:

PA=alxw [1].

PA=alxw + a2x w [2.
The difference between the calculated and measured peak areas is much larger for the first

order fit than for the second order fit (Table 1). Considering this non-linearity, the detector
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Fig. 3. PAD response for inulin oligosaccharides with DP 2 (O), 4 (@) and 11 ({).

response for a certain compound is best described using the first order regression coefficient
al of a second order fit (equation 2). This value varied only slightly within a series measured
in one day. Although, on comparison with the other series, large deviations have been found,
the al values of the different compounds related to the al value of sucrose (aly) or, e.g.,
rhamnose varied slightly (Table 2). This means that the relative responses can be used for
quantitative analysis ot the individual compounds using an internal standard. For calculation of
];n and ]§w the use of an internal standard can be omitted, because relative concentrations
are used.

The relative responses (al/al,) are depicted (Fig. 4) as a function of the degree of
polymerisation (DP). The sensitivity of the PAD detector decreases clearly from DP 2 to DP
5. This has also been found' for DP 2 - DP 8 using a PAD detector. Surprisingly, for longer
oligomers (DP 11 - DP 17) the sensitivity of the detector decreases only slightly. A model for
calculating the relative sensitivities has been obtained by linear regression of both series (DP
2-5 and DP 10-17), followed by interpolation for DP 6-9 and extrapolatmn for DP larger than
17. This model has been applied to calculate the DP and DP using equation 3-5, and

dispersion (D = DPw / DPn) of inulin from chicory and inulin fractions I and If:

w, = PA, / (al/al)
DP, =% DP.x w,/ X, w,
DP, = £ DP, x (w/M,) / 5, (w/M)

3.
(41
{s1.
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Table 2. Relative PAD responses.

Dp series al/al (Sucrose)
3 =% 0.98
3 B 0.90
3 c 0.97
4 A 0.89
4 B 0.82
4 C 0.87
5 A 0.80
11 A 0.59
11 B 0.60
11 C 0.55
12 A 0.62
12 B 0.55
12 C 0.51
13 2 0.58
14 A 0.56
14 B 0.52
14 C 0.49
15 A 0.59
15 B 0.54
15 C 0.49
16 A 0.56
17 A 0.57
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Fig 4. PAD response of inulin oligosaccharides with DP 2-17 relative to the PAD response of

SUCrose.
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Table 3. Comparison of enzymatic and HPAE-PAD methods for determination of
average DP values of inulin.

Fraction Enzymatically HPAE-PAD

Determination —_ —

F/G + 1 F/G+1 DP, DP, D
Inulin I 5.3 4.9 4.4 6.5 1.5
chicory inulin 8.1 7.4 6.8 13 1.9
Inulin IXI 15 15 14 20 1.4

The applicability of the model has been examined by calculation of the fructose/ghacose ratio
and comparison with the enzymatically determined ratio after hydrolysis. This ratio,
incremented by 1 (F/G + 1) is often used as an approximation for the En, because
determination of the concentrations of glucose and fructose present before hydrolysis is
omitied. The results are summarized in Table 3. A rather good agreement is obtained for the
F/G ratio determined with HPAEC-PAD and the enzymatically determined F/G ratio. This
result means that the model for the relative responses is valid, and, therefore, also the values
for D—I;n, D_PW and the dispersion. It should be noted that there is a significant difference in the
values for /G + 1 and l;i;n. Therefore, for the determination of l;l;n after hydrolysis also the

concentrations of glucose and fructose betore hydrolysis should be taken into account.

CONCLUSION

The quantitative analysis of oligosaccharides present in inulin is possible using HPAEC
chromatography combined with pulsed amperometric detection. This method allows, besides
the determination of a number average DP, also that of a molecular weight average DP and
the dispersion. This is not possible with the currently used methods based on hydrolysis of

inulin.
EXPERIMENTAL

Inulin oligomers with DP 2-5 have been isolated as described previously.>* Larger
oligomers have been isolated using preparative RP-18 HPLC chromatography.” The flow of
the eluent (Milli-Q water with 0.5-2 % methanol) was 20-50 mL/min and samples of 50-200

mg inulin in 5 mL water were injected on a column of 50 x 300 mm. Lyophilisation of the
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fractions with volumes of 50-500 mL yielded 5-20 mg of separated oligomers. which were 95
to 98 % pure according to HPAEC-PAD.

Inulin from chicory was fractionated by addition of ethanol to a solution in water. The
precipitate will be referred to as fraction II and concentration of the filtrate yielded fraction I.

For separation on HPAEC-PAD, samples were eluted with a 60 min linear gradient of
sodium hydroxide and sodium acetate in Milli-Q water running from 0.10:0.025 mol/L to
0.10:0.40 mol/L. All samples have been prepared by making mixtures of known amounts of
all oligomers, sucrose. glucose and fructose, together with rhamnose. These compounds were
all dried in vacuo by the use of P,0;. A CarboPac PA1 (4x250 mm) column was used with a
CarboPac PA (3x25 mm) guard column. The system (DIONEX) was equipped with a Pulsed
Electrochemical Detector (PED). The applied potential of a pulse has been kept at 0.1, 0.6,
and -0.6 V during 0.5. 0.1 and 0.05 seconds, respectively. The signal has been integrated
between 0.3 and 0.5 seconds after the beginning of the pulse.

The fructose/glucose ratio of the inulin fractions after acid hydrolysis have been

determined enzymically (Boehringer-Mannheim GmbH, Cat. No. 139106, food analyses).
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