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SUMMARY

Relative retention times and detector responses of trimethylsilyl and trifluoro-
acetyl derivatives of the components of maltitol (maltotriitol) syrups on Dexsil GC 300
liquid phase are reported. Glucose, sorbitol, maltose, maltitol, maltotriose and mal-
totriitol gave a single main peak, whereas as trifluoroacetylated derivatives two or
three separated peaks could be observed, which probably showed products of incom-
plete trifluoroacetylation. A method for rapid separation and quantitative estima-
tions obtained by gas-liquid chromatography for the constituents of maltitol (malto-

triitol) syrups are given.

INTRODUCTION

No method is available in the literature for the simultaneous determination of
glucose, maltosaccharides and their reduced derivatives, though the problem is im-
portant owing to the more favourable sweetening properties of maltites, the reduced
derivatives of products obtained by enzymatic hydrolysis of mainly maltose-contain-
ing mixtures. Maltitols are better artificial sweeteners than sorbitols.

For the chromatographic analysis of glucose and maltosaccharides numerous
methods are known; they are paper chromatography'—, thin-layer chromatogra-
phy>—® and liquid chromatography®'#, including gel permeation chromatogra-
phy'313, as well as gas chromatography'>—35.

Schmidt and Enevoldsen!? separated the malto- and isomalto-oligosaccharides
and the appropriate alditols by gel filtration. However, the separation of the reducing
saccharide and the reduced product has not been achieved.

This paper deals with a gas chromatographic method for the separation and
determination of the component of maltitol syrups.

The first step of the gas chromatographic analysis of saccharides is the prepa-
ration of siitable derivatives. Sweeley et al.!> suggested a quick and simple method for
the preparation of the trimethylsilyl (TMS) ethers of saccharides. As a result of their
work, gas chromatography became an efficient tool in the analysis of carbohydrates.
Subsequent studies'®2% involve mainly modifications of silylating agents, and the use
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of various column packings for the preparation of the derivatives and the optimal
preparation of different saccharides with different degrees of polymerization. It is
noteworthy that the silyl ethers of saccharides, together with those of cis- and trans-
oximes, were eluted in one peak by Ziircher e al2’2%_ This advantase was also
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utilized by the analysis of the acylated derivatives. Monosacchandes can also be
acylated directly with acetic anhydride?3, but those with a higher degree of poly-
merization must be treated with trifluoroacetic anhydride®®~32. Acetic anhydride hy-
drolyses the glycoside bond, so higher members can be acylated only after trans-
formation into oximes3*. Reduction with sodium borohydride into polyalcohols?>—38
results in saccharides that give only a single peak. This laborious and time-consuming
procedure is not suitable in our case.

MATERIALS AND METHODS

Materials and reagents

D-Glucose, D-maltose, nraltotriose, maltitol and maltotriitol were purchased
from Serva (Heidelberg, G.F.R.). Maltitol, and mailtitol, are artificial sweeteners,
commercial products of Japan. Maltitol; and maltitol, are Hungarian research inter-
mediates, which are corn syrups, hydrolysed enzymatically at Phylaxia (Budapest,
Hungary) and hydrated at Péti Nitrogénmii\«ek (Vérpalota Hungary)

Pyridine, trifluoroacetic acid (TFA) and methyiene chioride were producis of
Reanal (Budapest, Hungary). Hexamethyldisilasane (HMDS) was from Applied
Science Labs (State College, PA, U.S.A.) and trifluoroacetic anhydride (TFAA) from

E. Merck (Darmstadt, G.F.R.), both of guaranteed grade.

Apparatus

The gas chromatograph used was a Chromatron Model G.C.H.F. 18.3 in-
strument equipped with a flame ionisation detector. Chromatographic peak arca
determinations were made with a Chinoin Model Digint-34u computing integrator.
Stainless-steel columns (2 m x 3 mml.D.) were used. The packing materials were
39, silicone SE-30, 109, OV-17 and 15 9 Dexsil GC 300, all of them on 100-120 mesh
Chromosorb WAWDMCS purchased from Applied Science Labs.

For the analysis of glucose, maltosaccharides and their reduced products only
the packing containing 15 9 Dexsil as stationary phase was suitable.

Separation of TFA derivatives. The temperature of the injection and detector
ports was 270°C. With a temperature-programmed analysis from 100 to 280°C at a
heating rate of 12°C/min, it required 15 min to elute the TFA derivatives. The flow-
rate of nitrogen was 40 cm>/min.

Separation of the TMS derivatives. The temperatures of the injection and de-
tector ports were 380°C and 410°C, respectively. With a temperature-programmed
analysis from 120°C to 360°C at a heating rate of 16°C/min (with an isothermal
period at 320°C for 5 min, it required 25 min to elute the TMS derivatives. The flow-
rate of nitrogen was 45 cm3/min.

Preparation of TFA derivatives. The solution containing 0.01-0.02 g of sac-
charides and/or alditols was evaporated to dryness in a rotary evaporator at 50-60°C.
The dehydrated residue was trifuoroacylated with sodium trifluoroacetate* (ca. 10

* Sodium tritluoroacetate was prepared according to the procedure of Ueno et al.*°.
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mg) and 10 cm? of TFAA by refluxing for 30 min at 60-70°C with occasional shaking.
Excess TFAA was evaporated in a rotary evaporator at 15-20°C to dryness. There-.
after the TFA derivatives thus obtained were dissolved in 1.0 cm?® of dry methylene
chloride. Sodium trifluoroacetate was left as an insoluble residue. A 10-ul volume of
the supernatant solution was injected into the gas chromatograph.

Preparation of TMS derivatives. The dehydrated sample (prepared as above)
was dissolved in 500 ul of anhydrous pyridine and trimethylsilylated with a mixture of
900 pl of HMDS and 100 pl of TFA in a glass-stoppered test-tube with a volume of 2—
3 cm?®. The mixture was heated at 70—72°C for 60 min, thereafter 5-10 ul of the clear
solution was injected into the gas chromatograph.

RESULTS AND DISCUSSION

The joint aims of the model studies concerning the gas chromatographic anal-
ysis of glucose, maltosaccharides and their reduced derivatives were (a) the prepara-
tion of the derivatives and (b) the optimisation of the dimensions and packing of the
column. The following facts were established.

(1) For the solution of our task only the packing with 15 % Dexsil is suitable of

L
TIME(MIM] 1S 10 S Q0
TEMP(T} 280 220 160 100

Fig. 1. Gas chromatogram of TFA derivatives. I = sorbitol; 2 = z-glucose -+ sorbitol; 3 = sorbitol;
4 = f-glucose; 5 = maltitol; 6 = a-maltose + maltitol; 7 = f-maltose; 8 = maltotnitol; 9 = x-
maltotriose; 10 = f-maltotriose.
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TIME(MIN} 25 20 10 [4]
TEMP (T} 360 320 isotherm 320 280 200 120

Fig. 2. Gas chromatogram of TMS derivatives. 1 = sorbitol; 2 = maltose; 3 = maltitol; 4 = maltotriose;
5 = maltotriitol.

the three packings investigated for both the trifluoroacylated and the silyl ether de-
rivatives.

(2) On a 2-m long column favourable for the separation of maltose and mal-
titol, saccharides and their reduced derivatives higher than maltotriose and malto-
triitol cannot be measured. On a column packed with 3 9] SE-30 on 100-120 mesh
Chromosorb W AW DMCS (65 cm x 3 mm 1.D.) the saccharide content of hydro-
lysed mixtures could be determined up to maltopentose.
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Fig. 3. Detector response of TMS derivatives.
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Fig. 4. Detector response of TFA derivatives.

(3) The analysis of silyl ethers is more advantageous from every point of view
than that of the trifluoroacetyl derivatives, for several reasons. (a) Much care has to
be taken when working with TFAA; (b) Trifluoroacylation is more laborous than the
preparation of the silyl ethers; (c¢) The individual saccharides and their reduced
products yield several peaks after trifluoroacylation (Fig. 1), whereas silyl ethers are
eluted in a single peak (Fig. 2). as expected from literature data®®; (d) The most
important advantage is that the detector response of silyl ethers is two or three times
greater (Fig. 3) than that of trifluoroacylated derivatives (Fig. 4). The low maltose
content of maltitol cannot be detected when uSing the trifluoroacylated derivatives.
The efficiency of the analysis usely TMS derivatives was such that less than 0.5 pg of
maltose could be measured against a 100-fold amount of maltitol, and less than 0.5 ug
of maltitol against a 100-fold amount of maltose. The compositions of model solu-
tions prepared from Serva maltose and Serva maltitol are shown in Fig. 5. (recorded
at 320°C isothermally); reproducibility is illusirated in Table I.

(4) Our experiences concerning the detector responses of TFA and TMS de-
rivatives were that (a) the detector response of the reducing saccharide is smaller than
that of the corresponding alditol, and (b) the detector response decreases with in-
creasing polymerisation.

(5) The compositions of the maltitols studied, and the components of impuri-
ties in maltotriitol, are summerised in Table II. This table shows that in terms of
residual reducing power (which is mainly due to maltose), the Serva maltitol and the
commercial Japanese sweeteners (maltitol,, maltitol,) are of the same quality. The
sorbitol and maltotriitol contents of the latter two are higher than those of the Serva
maltitol. The firm Serva does not mention the saccharide impurities in its products.
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TABLE 11
IMPURITIES IN MALTITOL AND MALTOTRIITOL SAMPLES
1: Determined as TFA derivatives; 2: determined as TMS derivatives.

Sample Impurity compounds, expressed in 9, of the total dry material content
_3
2 S i 23
- . s - § F fedm 5§
= 2 3 3 5] S e
a S = = = = a b & s
Maltitol, 1 7.1 - 9.7 1.3 74.8
2 59 - 2.8 11.8 1.5
Maltitol, 1 5.1 14.6 1.8
4.
2 57 - 3.0 14.4 1.6 746
Maltitol, 1 127 5.8 18.6 4.2 119 74.9
2 126 4.4 16.5 20 4.1 13.1 )
Matltitol, 1 221 20 2.3 43.2
2 194 1.0 1.9 2.1 20 =
Maltitol 1 26 7.2 1.2 7.3
(Serva) 2 23 2.6 7.5 1.4 .
Maltotriitol 1 2.5 18.6 ** *k **k
(Serva) 2 32 19.5

* Expressed in glucose: (a) determined according to the procedure of Kolthoff3%; (b) total of reducing
saccharides, determined by GLC as TMS derivatives.
** Not measured.

513,109

Fig. 6. Gas chromatogram of TMS derivatives of Serva maltitol. 1 = sorbitol; 2 = maltose; 3 = maltitol;
4 = maltotriitol. ;
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Fig. 7. Gas chromatogram of TMS derivatives of Serva maltotriitol. 1 = sorbitol; 2 = maltitol; 3 =
maltotriitol.

Among its products only sorbitol and glucose proved to be gas chromatographically
pure. We applied this product for the preparation of the calibrating solutions. The
following impurities were found: in maltose, 0.7 %, glucose, 12.5 ¢/ maltotriose and
3.99 maltotetrose; in maltotriose, 0.9 9 glucose, 1.6 9 maltose and 2.1 9 maltote-
trose. The compositions of the reduced products are shown in Table II, and gas
chromatograms of the TMS derivatives of maltitol and maltotriitol are shown in
Figs. 6 and 7, respectively.

ACKNOWLEDGEMENTS

We acknowledge the generous gift of maltitol and maltotriitol by I. Petréczy
and A. KGvago (Phylaxia. Hungary). This work was supported by Phylaxia and Péti

Nitrogénmiivek, Hungary.

REFERENCES

J. Stanek, M. Cerny and J. Pacik, Oligosaccharides, (1962) 328.

H. Bender, Carbohyd. Res., 65 (1978) 85.

K. Umeki and K. Kainuma, J. Chromatogr., 150 (1978) 242.

V. Bilik, J. Zemek, K. Babor, R. Sandtnenova and J. Kozak, Chem. Zvesti, 34 (1980) 524.
D. Waldi, J. Caromatoagr., 18 (1965) 417.

M. L. Wolfrom, R. M. de Lederkremer and G. Schwab, J. Chromatogr., 22 (1966) 474.
P. Haytko, R. Burns and C. Edwin Weill, Cereal Chen:., 46 (1969) 177.

D. Nurok and A Zlatkis, Carbohyd. Res., 65 (1978) 265.

M. H. Simatupang, M. Sinner and M. H. Dietrichs, J. Chromatogr., 155 (1978) 446.
D. Noel, T. Hanai and M. D’Amboise, J. Liquid Chromatogr., 2 (1979) 1325.

L. E. Fitt, W. Hassler and D. E. Just, J. Chromatogr., 187 (1980) 381.

QN0 NS B -

-



2238 I. MOLNAR-PERL, M. SZAKACS-PINTER

2 F. Schmidt and B. S. Enevoldsen, Carlsberg Res. Commun., 41 (1976) 91.

3 F. Schmidt and B. S. Enevoldsen, Carbohyd. Res., 61 (1978) 197.

4 H. Miiller and V. Siepe, Deutsche Lebensmittel-Rundschau, 76 (1980) 156.

5 C. C. Sweeley, R. Bentley, M. Makita and W. W. Wells, Gas Chromarogr. Sugars, 85 (1963) 497.
16 K. M. Brobst and C. E. Lot, Jr., Cereal Chem., 43 (1966) 35.

17 J. B. Beadle, J. Agr. Food Chem., 17 (1969) 904.

18 J. de Neef, Clin. Chim. Acta, 26 (1969) 485.

19 K. Ziircher and H. Hadorn, Deutsche Lebensmittel-Rundschau, 71 (1975) 68.

20 3. Haverkamp, J. P. Kamerling and J. F. G. Vliegenthart, J. Chromatogr., 59 (1971) 281.
21 B. Salfner, Z. Klin. Chem. Klin. Biochem., 9 (1971) 486.

22 J. P. Jouany, Ann. Biol. anim. Bioch. Biophys., 12 (1972) 493.

23 B. Miiller and G. Géke, Deut. Lebensm.-Rundsch., 68 (1972) 222.

24 F. Schur, H. Pfenninger and L. Narziss, Schweiz. Brau.~-Rundsch., 84 (1973) 93.

25 K. Ziircher and H. Hadorn, Deut. Lebensm.-Rundsch., 70 (1974) 425.

26 W. Heinig, Lebensm.-Ind., 23 (1976) 418.

27 K. Zircher, H. Hadorn and Ch. Strack, Mitt. Geb. Lebensm. Hyg., 66 (1975) 92.

28 T. Toba and S. Adachi, J. Chromatogr., 155 (1978) 195.

30 T. Ueno, N. Kurihara and M. Nakafima, Agr. Biol. Chern., 31 (1967) 1189.

31 M. Vilkas, Hiu-J-Jan, G. Boussac and M.-C. Bonnard, Tetrahedron Lett., (1966) 1441.
32 W. A. Konig, H. Bauer, W. Voelter and E. Bayer, Chem Ber., 106 (1973) 1905.

33 R. Wachowiak and K. A. Connors, Anal. Chem., 51 (1979) 27.

34 R. Varma, R. S. Varma and A. H. Wardi, J. Chromatogr., 77 (1973) 222,

35 E. P. Crowell and B. B. Burnett, 4Anal. Chem., 39 (1967) 121.

36 Y.Kamiyama and Y. Sakai, Agr. Biol. Chem., 38 (1974) 2385.

37 M. Ochiai, J. Chromatogr., 194 (1980) 224.

38 G. Holzer, J. Oré, S. J. Smith and V. M. Doctor, J. Chromatogr., 194 (1980) 410.

39 1. M. Kolthoff, Z. Unters. Lebensmittel, 45 (1923) 131.



