
Note 

For the analysis of carbohydrati, vaxious chromatographic methods, such as 
paper, tb&Iayer, liquid and gas chromatography, are in use. The various possibiities 
of liquid chromatography were reviewed by Jandera and GhurA&kl. Through the use 
of liquid chromatography, good separations can be achieved, but they are very time 
consuming compared with hi&-performance liquid chromatography (BPLC). Gas 
chromatography also permits rapid separations of sugars, but has the disadvantage 
of requiring derivatization. Quantitation is diEcult because ofcleavage of the anomers. 

Paper and thiklayer chromatography are cheap methods, but the resofution 
is often poor and the quantitative evaluation is very limited. 

Rapid separations of monosaccharides, which are easy to ~@~~titate, a.~ 
possiile by HPLC. Until now, predominantly prBondapa&carbohydrate e~hum&~ 
(Waters A&c., Word, Mass., U.S.A.) and chemically bonded aminopropyl 
g~ctup&= have been used as stationary phases. 

In this paper, the applkability of a ehemicaliy b&u&d am&10 stationary phase, 
and a co~parisor~ of UV and refkxtive index (Rl) detection in the separation of some 
monosaccharides, are p-ted. 

The EIPLC system is based on the modular principle, built up with commer- 
ciaIiy available components. By the means of two piston pumps (Model 110, ARex, 
Eerkeley, Calif., U.S.A.), which were controlled by a solvent programmer(Model400, 
Altex), the solvent. was delivered over a mixing chamber to the top of the C&JIM. 
In&ction was performed by a sample loop valve (Model 70-l 1, Rheodyne, Berkeley, 
C&E, U.S.A.) fitted with a 20-~1 loop. Stainless-steel columns @lo. Ifn.07, tiauer, 
Oberursei, G.F.R.) (250 x 4.6 mm I.D.) were used. For monitoring the sugars, a 
UC’ detector (Model SF 770, Spectra Physics, Sanea Clara, calif., U.S.A.) and a 
se~es-connected EC.3 detector (Mode1 6108 WlRl detector, Knauer) were empIoyed. 
The chrorpatograms were evaluated by an integrating mt (Minigxztor, Spectra 
Physics). 



lmTEs 415 

Mar& -- _ 
_A~t+rile-titer iphtures kqre used as the elution solv&. %he acetonitrile 

(EPE.C_Grade S) was purch;ased frosq Rathbum Chemical (Walkerburn, Great 
Br$akQ. Silica ~1 with &&nic&y bonded -amino g&ugs (No._711120, Macherey, 
P&gel& Co., DCr@G~.R.) with a particle diameter of 5 pm was utilized as the 
packing material. As n&ereace SUbstaQ~, sugars for ChromatograPhiC comparisons 
(No. 8002 and 8005, E. Merck, Darmstadt, G.F.R.) were employed. 

The cohmm was fil!ed by the sbuzy-packing kcbniqne, using the method of 
Jones et al.'. For this purpose, one of the above-mentioned piston pumps was .&n- 
mxted over a slurry reservoir to the column, which was terminated with a Z-pm mesh 
disc. A 2.7-g amount of the pa&kg matesid was dispersed in the slurry medium 
(water) by use of an ukrasonic bath, poured into the shny reservoir and pressed in 
the column by pumping acetonitrile-water (4:l) through the packing assembly at a 
flow-rate of 10 ml/min and a pressure of 5QOO psi. By this method it was possible_ 
to achieve 800 theoretical piates per metre more than by using a common packing 
pWXdUR% 

RESULTS AND DISCUSSION 

Suitable was*eZengZh fir UV detection 
As carbohydrates absorb only at wavelengths lower than 200 nm, very high 

demands are placed on the purity of the elution solvent, because the acetonitrile 
itself begins to absorb very strongly in this region. In order to optimize the analysis, 
it seemed appropriate to investigate the dependence of the W response of a standard 
mixture of sugars (fructose, rhamnose, xylose, arabinose and glucose) on wavelength 
(Fig. 1). For all sugars, the absosption maximum lies between 187 and 188 nm. At a 
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Fe. 3. Separation of rhamnosc, ribose, fwose and sorixxe using ethyl acetate-e~oi-wa-= 
(40:50:10) as mobile phase at 2.0 ml&&~ PIHI c&mm, 250 x 4.6 mm I.D. Peaks: 1 = solvent; 
2=~;3=ribose;4=sorbose;5=fruftosc. 

changes in the mixing ratio infiuences the chromatographic separation. In this way 
it is always possible to obtain reproducible mixtures of any desiqzd acetonitrikwater 
ratio simpIy by setting the corresponding mixing ratio on the sokent programmer. 

Optimization of the j?ow-rate 
The flow-rate was o@rked with a 75:25 aaztonitde-water mixture at a 

wavekngth of 188 IM. Fig. 4 shows the change in H/U (where H is the height equiv- 
alent to a theoretical plate) with variation in the linear velocity, I(. H/G decreases very 
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Fig. 6. i3qmntion of sugarr peaks: I= sQhfextt; 2 = rhaomose: 3 = x&se: 4 = arabimse; 
5 = fructose; 6 = rxmnmse; 7 = giucose; 8 = gak&osc. NH2 cdumn, 250 x 4.6 mm I.D.; solvent 
at#otia-wta (7sr2.5); flow-rate 2.0 d/Ink; w dktlxtion at 188 DID. 

For-the comparison of the sensiEiv&y of the UV detector with that of the RX 
detector, the peak heights of the refkmtive index signals were also evahtated. Table I 
gives the detection limits for the investigated mooosacchari~I~, using the v detector, 
and the sensitivity ratio b$ween UV and RI detection. 

It can be seen t&t the detection sensitivity for fructose and arabinose using 
W detection is tiuch better than that with RI detection. The sensitivity for xylose 
and gkcose is eter whea me&ring the refractive index. However, irr comection 
with these figures, it should be s%&d that the disturbance caused by the pulsation of 

TABLE I 

DmCl-ION LlMBTS OF MONOSA CCHARIDEZS BY W DE’?iEClYION AND SENSrrivITy 
E?ATiO B ETWEEN W AND RI DETECITORS 

srpecrr-‘ -De&a&m Z&a2 _ Sensirivity au& (UVjRIJ 

pg ikjeected mgjtd 
of sohitian 

Etlamno58 4 0.2 1.26 
XYk= 4 0.2 0.85 
A.mbimxe 8 0.4 1.77 
Fruuosc 2 0.1 -215 I 
Manno# I2 0.6 l.iS . 

Gturx75c 12 0.6 0.68 
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the pumps is usually considerably greater for tbe RI than the W detector. Therefore, 
tbc use of a W detector with a variable wavekngth is to be preferred for the evahration 
of dihrted sohnionsl Furtker, the measured sensitivity ratios cannot be considemzd as 
ab&Eute &ufe5, because various parameters such as the age of the W Iamp, the 
purity of the solvent and the Bhng of the reference cell have significant eGects. 

Fig. 6 shows a chromatogram of the mouosaNdes iuvesti@ed obtained 
using the optimal conditions of separation, i.e_, a flow-rate of 20 ml/m& 7525 
acetouitrik-water and a wavelength of 188 mu_ It can he seeu that peutoses are ehked 
before the hexoses. OuIy rmose is an exception, because it has the smahest reten- 
tion time of those monosaccharides investigated, although it is a hexose. Conchzding 
from this, it can be said that the adsorption between the amino groups of the station- 
ary phase and the hydroxy groups of the sugars is derived from hydrogen bonding- 
As the capacity factor decreases with iucreasin g water content of the elution soivent 
(Fig_ 2), the water is respousibk for ‘3~ elutiou of the sugars becz~~ it is also capable 
of fo&g hydro,m bonds. Therefore, oue can be explaiu why rhaumose, which 
possesss four hydroxy groups as do the pentoses, has a ComparabIe retention time. 
Fructose, which is eluted betwm the furanoses and the pyranoses, can be considered 
as a fink between these two groups, as it e-x&s in au aqueous solution because of 
nutarotation as weil as iu the furanoside and the pyranoside form. 

For the most commouIy occurring monosaccharides such as rhamnose, xyIose, 
arabinose, mauuose, g!ucose and gakctose, HPLC is a rapid separation method. 
De~nding on the sugars in the sample, it is possible to reduce the analysis time by 
increasing the proportion of water iu the elutiou solvent. If, for example, there are 
only xylose, fructose and glucose present in the sample, only 8 min are necessary ‘St 
order to obtain a suEcient resolution on the described amino phase, using a flow-rate 
of 2.0 ml/m&r and 72:28 acetonitrik-water. 

This system seems to be especially suitable for routine analysis, because, 
excqt for the separation of solids coutaiued in the solution, uo further treatment of 
the sample is necessaq Compared with the normally used detection by refmctive 
index m easurement, W detection has the advantage of a iower detection Iimit 
because of its higher sensitivity and because of the smaher disturbances caused by 
the @sation of the pump_ 

ACECNOWLEDGEMENF 

The author is indebted to the Fends xur Fiirderung der Wi haftlicheu 
Forschung (Wien) for the financial support of this work 
REFlBENm 
1 P- Jamiua and J- (ZhmEc& Jm C7mmtm_, 93 (1974) 55 
2 J. K_ palmer, Annl. Lctr., 8 (1975) 215. 
3 J- K- Paher, Appl Poijnre Symp., 28 (1979 237. 
4 3% C. Cunrad and J- Km Paher, Food Tcubrof 30 (1976) 84_ ‘ 

5 J. C. Linden and C. L. La-d, J. Cbum~., 105 (1975) 125. 
6 R. SC% IvaIzslu f. arammgr., 117 (1976) 206. 
7 k D. Jones, L W. Bums, S. G. Selhgs and k A. Chx, J. Chrmatog~., 144 (1977) 169. 


