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SUMMARY 

Some general remarks are made concerning tile difficulties experienced in the 
quantitative determination of the composition of complex sugar mixtures in solution. 
The application of thin-layer chromatography to this analytical problem is discussed. 
A technique for obtaining a satisfactory separation of nine to ten sugars has been 
worked out. Methods of determining reducing sugars and k&o-sugars in amounts of 
o to IOO ,ug are mentioned, as well as a technique for removing the sugar-containing 
area from the thin-layer plate. Figures illustrating the quantitative aspects of the 
method are given. 

INTROl3UCTION 

The determination of the composition of complex sugar mixtures, such,as occur 
in foodstuffs or in vegetable matter, has always been an intricate chemical problem. 
Only in a limited number of cases, where usually no more than two specified sugars 
were known to be present - e.g. sweetened condensed milk, confectionery or jam - 
is it possible to estimate their concentrations quantitatively by classical methods of 
reductometry and polarimetry or by modern enzymatic methods. For the analysis of 
more complicated mixtures of .sugars, various ingenious techniques have been devel- 
oped in the course of time, in which use is made of specific reactions such as oxidation 
or reduction, fermentation and enzymic conversion. In applying tllese techniques, 
however, several serious difficulties may be experienced: 

(a) They can be used only if the type and number of the sugars in the product 
are known in advance, and only if the sugar combination fits the chosen procedure. 

(b) It is necessary to verify whether the conditions for applying specific chemical 
or biochemical reactions can be fulfilled in a satisfactory manner. 

(c) The analytical techniques are mostly very time-consuming* 
’ (d) The results obtained are often interconnected, i.e. an error in the determina- 

tion of one component may affect the results of the estimation of the other components. 
For these reasons it would be interesting to know the possibilities of various 

forms of chromatography for the separation of sugar mixtures, as after separation it 
would only be necessary to determine the amounts of the various individual sugars. 
Such techniques would be independent - within certain limits - of the number. of 
sugars in the sample, while specific reagents would seldom be required. The method in 
question must be adaptable to the quantities of the sugars to be determined. Tlms, 
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analytical data of each sugar would be obtainedwhicl~ are not interconnected with the 
results of the other sugar determinations. For each sugar the analytical results can be 
tested for reproducibility and percentage recovery. 

An example of such an analytical method is the analysis of honey, as given in 
the Official Methods of Analysis issued by the A.O.A.C. Mono-, di- and polysaccharides 
are separated on a column of charcoal (and filter aid), and subsequently the amounts 
of the individual sugars or of the simple sugar mivtures are determinedi. 

It has been reported by several authors that fairly complex sugar mistures 
could easily be separated by paper chromatography. Similar results could be obtained 
in an even shorter time by thin-layer chromatography, a method which offers even 
greater possibilities because materials other than cellulose, e.g. silica gel, can he used. 
Most of the work concerned with paper or thin-layer chromatography deals with the 
qualitative aspects of sugar analysis, however. Only a few workers have reported on 
the quantitative determination of sugars after the thin-layer chromatographic separa- 
tion of a sugar mixture. 

In some cases the amounts of sugar were estimated by densitometric evaluation 
of the sugar spots on the chromatograms. MOCZAR et ad.2 reported standard errors of 
the mean, varying from & 1.4 to & 5.4 “/. for different sugars, and in experiments 
conducted by WOLFROM et a1.3 a coefficient of variation of -& 3 “/” was mentioned. A 
few other papers mention estraction from the carrier material and the measurement 
of the sugar concentration in the extract by calorimetry. According to BANCHER et 

~~l.4~~ an accuracy varying from 3 to 5 o/” was found. SUIUILENKO~ does not refer to 
the reproducibility of his determination. A standard deviation of & IO y. could be 
calculated from results in a paper by 1~~x5~ AND MIZSEI~ dealing with the determina- 
tion of sorbose. 

Some years ago we made a study of the fermentation of lactose and the transi- 
tory occurrence of glucose and galactose in fresh cheese. By means of paper chromato- 
graphy a good separation between the three sugars was obtained, although developing 
times of 40 h were normaP. We now have modified this method to such an extent that 
fairly complex sugar mixtures can be separated by thin-layer chromatography in a 
reasonable length of time. As a micromethod for the estimation of reducing sugarslO 
was also available, it was thought worth trying to combine the two methods into one 
for the analysis of comples sugar mixtures. 

Cellulose powder MN 300 from Macherey, Nagel & Co (516 Diiren, G.F.l~.) lvas 
used to preparc the plates for thin-layer chromatography. A mixture of 15 g of this 
powder with go ml distilled water, was applied to live plates, 20 x 20 cm, resulting in 
a layer approximately 0.3 mm thick. In some cases a layer thickness of 0.5 mm may be 
used. 

To check the effectiveness of the separations and to estimate the recovery during 
qrrantitative analysis, aqueous solutions containing 1 or 2 g of one or more sugars per 
IOO ml were prepared. Volumes of 0.005 to 0.010 ml were applied to a base line, at 
2 cm from the edge of the plate, with the aid of an Agla micrometer syringe, from which 
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the solution could be ejected in a stream of small droplets. At a later stage a Hamilton 
semi-automatic micro-pipette was also used for the purpose. 

After the plates had been allowed to dry, they were developed by ascending 
chromatography in closed glass jars, using a mixture of distilled water with freshly 
distilled ethyl acetate and p_yridine in a ratio of 25: IOO: 35, This mixture has the 
advantage of being homogeneous over a large temperature range around 20~. To 
achieve effective separation, the chromatographic run was preferably made three 
times, the second and third treatment being carried out after the solvent front in the 
preceding run had reached the top of the cellulose layer and the plate had been dried. 
After the third run the sugar spots were made visible by spraying the plate with a 
visualising reagent* and drying for 15 min at a temperature of 100~. 

Fig. I is a reproduction of a chromatogram showing the separation of a misture 
of nine sugars, viz. lactose, maltose, sucrose, glucose, galactose, mannose, arabinose, 
xylose and rhamnose. A series of average RF values calculated from a number of chro- 
matograms is recorded in Table 1. 

In order to make ‘quantitative sugar determinations, a reference mixture was 
applied to the base line at the left- and right-hand side of the plate. The central section 
of this base line (of 8 to 15 cm length) was used for the mixtures to be analysed. After 
the chromatogram had been developed, a clean glass plate was placed over this central 
area, in order to prevent it from being contaminated by the spray liquid which is used 
to make the reference spots,visible. Subsequently a network of lines was traced with a 

Fig. 1. Thin-lnycr chronmtogran~ showing the separation of nine sugars. 

l Prcparccl by tlissolving I .3 ml ortliophosphoric acid (8srp;,) and 0.93 ml freshly distiller1 
nnilinc in 100 ml 70 ‘j:, ethanol. ‘I’lzis rcagcnt can bu ltcl>t for scvcrxl wcclcs if it is storcrl in the clark 
at a tc111pcr;1turc of 5”. 
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soft lead pencil to mark the areas of the individual sugars, as indicated in ‘Fig. 2. 

Each area was scraped off carefully by means of a small sharpened stainless-steel 
spatula; the scrapings were collected on a clean piece of parchment paper and trans- 
ferred to a small centrifuge tube. As a control, an equal area of cellulose layer without 
sugar was scraped off. The scrapings in the tubes were mixed with exactly I ml of 
water and, after centrifuging for IO min at 3,000 r.p.m., exactly 0.5 ml was taken for 
analysis. 

TABLE I 

AVERAGE Rc VALUES FOR VARIOUS TYPES OF SUGAR 

Conditions : layer thickness. 0.3 mm; mnterial, cellulose powder MN 300 (Macherey, Nagel & Co) ; 
dcvcloping mixture, water-ethyl acetate-pyridine (25 : IOO : 35). Three consecutive runs. 

Type of sugar RG valwe Type of- s~llgar RG valzcc 
(glucose = zoo) (gtalcose = 100) 

. . 

Lactose 
&kltose 
Sucrosk 
Gslactose 
Glucose 

36 

:iz 
83 

100 

glLlcosc 100 

mannose/fructose 115 
srabinosc 131 
xylose I55 
rhamnose 210 

Determination of redticing sugars 
Some methods based on the reducing properties of these sugars have been 

adapted to the determination of microgram quantities. A few years ago, such a 
method was published by’ GUINN? who made use of the reduction of potassium 
cyanoferrate (III). In our laboratory KOOPS’~~ method is frequently used; he adapted 
the procedure of CHERONIS AND ZYMARIS l2 for the estimation of small amounts of 
lactose in cheese. Unfortunately this method does not seem to have found much 
application in practice: tie only found MOCZAR et aZ.2 mentioning a similar procedure 
as a useful method in their experiments. These methods are based on the reduction of 
tetrazolium compounds in an alkaline medium, which leads to the formation of intense- 
ly coloured formazans. In the original method of KOOPS P-anisyltetrazolium chloride 
(Flulca) was used as the specific reagent: Some time after publication this reagent was 
withdrawn from the market by the producer and replaced by another. 

Reagem?s 
Stock solution. I g Tetrazolium Blue Chloride [Standard-Fluka] for bacteriology 

(3,3’-dianisole-4,4’-bis-2,s diphenyl-tetrazolium chloride) is dissolved in 40 to 50 ml 
lukewarm methanol or ethanol. The mixture is transferred to a IOO ml volumetric 
flask and diluted to the mark with distilled water. 

When kept in the refrigerator, the stock’.solution can be used for over one year, 
Reagelzt. The tetrazolium reagent is prepared by mixing one part of stock solution 

with three parts of a 0.3 M NaOH solutiofi. 
. . 

Solvent h&we. Chloroform and ethanol (96 %), freshly distilled, are mixed in a 
ratio of 5:4. 

Deterntiwntion 
Exactly 0.5 ml of a sugar solution (containing o to IOO ,ug sugar) is transferred 

to a test tube with a Cornwall pipette, and mixed with exactly 0.5 ml of the reagent. 
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Fib’. 2. Thin-layer chrotnatogranl showing the scpnration of four sugars and the prepnration of the 
plate for quantitative tletcrmination. 

A glass bead serves as a boiling aid. The contents of the tube are heated to their boiling 
point on a small flame covered by a copper gauze in approximately 20 set and kept 
boiling for 45 sec. Immediately afterwards the tube and its contents are cooled in tap 
water. The insoluble formazan is dissolved by adding a small amount of the solvent 
misture while stirring with a glass rod, and transferred to a 50 ml volumetric flask 
which is then filled to the mark with the solvent mixture. 

The extinction is measured with a spectrophotonleter at 615 mm or with a 
suitable photoelectric colorirneter (e.g. Kipp-Engel, filter S 61) in a I cm cuvette. 

Stmtdard cwves for the va&oacs sugars 
The procedure as described in the preceding section is carried out with I “/0 

aqueous solutions of the various sugars. The relation between the estinction, deter- 
minedwith a Kipp-Engel calorimeter using filter S 61, and the anlount of sugar (glucose, 
mannose and maltose) is presented in Fig. 3. 
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From our estimations the followixig equations, expressing the relation between 
extinction and amounts of sugar, could be derived: 

Y = 0:00268 x (maltose) 

Y = 0.00273 X (1aCtOSe) 

Y = 0.00284 x (galactose) 

Y = 0.00292 x’(rhamnose) 

Y = 0.00303 x (mannose) 

Y = 0.0030,6 x (xylosk) 

Y = 0.00312 jG ,(arabinose) 

Y = 0.00350 x (glucose) 

Y = extinction (I cm cuvette, Kipp-Engel calorimeter, filter S 61). 
x = ,ug of sugar in 0.5 ml, as used for the determination, 

It stands to reason that these equations refer only to the conditions in our labo- 
ratory. It iS advisable for every analyst to determine his own reference lines or equa- 
tions and to check these data regularly, to allow for any possible changes in equipment 
or reagents. 

Deteimination of swwose and other lzetoses 
To deterniine the amount of sucrose on a microgram scale, KU~ICA’S~~ method 

was u&d, which is based on the reaction of k&o-sugars with resorcinol in an acid 
medium. 

0600. 

).lg Of S”&O.5 rnE”bstrot: (xl 
03 

Fig. 3. Relation betwccrl the cstinction (chAx?rnlinccl with ;L liipp-E:ngcl colorimctcr using filter S GI) 
and the anlount of sugar. I = Glucose (y = 0.0039~ x) ; 2 = mannosc (y = 0.00303 x) ; 3 =: malt- 
ose (y = o.ooaGS X)’ 

Fig, 4. Relntion between the extinction (clcterminccl with a Kipp-Engcl colorimctcr using filter 
S 47) and the amount of sucrose (2) wcl fructose (I). 
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So&ion A. 50 mg resorcinol dissolved in IOO ml absolute ethanol. 
Solution I?. 216 mg ferric ammonium sulphate dissolved in I 1 hydrochloric acid 

(rn = 1.18). 

Deterntination 
z ml of a solution containing between o and IOO pg sucrose or fructose is mixed 

in a test tube with exactly 3 ml of both solution A and solution l3. The tube is heated 
for 40 min in a water bath at a temperature of Boo, then cooled in ice water for 2 nlin 
and finally brought up to room temperature by immersion in water at 20~ for 5 min. 
The solution is transferred to a I cm cuvette and the extinction is measured in a photo- 
electric calorimeter (Kipp-Engel) using filter S 47, or in a spectrophotometer at a 
wavelength of 480 nm. 

Standard curves for variom sacgars 
Fig. 4 shows the reference curves that express the relation between the estinc- 

tion and the amounts of sucrose or fructose in 2 ml of substrate. 

Quantitative detewkatiolt of sagars by thin-layer clwonzatog~a~hy 
Measacrement of the s,tcgar sohttions 
In order to find out the exact amount of sugar deposited on the base line of the 

thin-layer plate, the volume of the liquid ejected by the Agla micrometer syringe, 
starting from the 0.005 ml mark, was determined. From the average weight of IG of 
these volumes (SD 1.1 %j and the density of water, an average volume of 0,00490 ml 
was calculated. 

The purity of the sugars is another important factor to be reckoned with in 
establishing the amount of sugar. However, we think we have found a reasonable 
approximation by using the reductometric method of Luff-Schoorl. Our preparations 
of lactose, glucose and sucrose were shown to contain go.5 o/o, 98.8 y0 and 97.5 “/ of 
anhydrous sugar, respectively. This means that, by using 0.005 ml drops of a solution 
containing z oh of each of these sugars from the Agla micrometer syringe, 89 ,ug 
lactose, g7 ,ug glucose and 96 ,~g sucrose were deposited on the thin-layer plate. 

Estinaation of tlae wgars 
Nine portions of 0.005 ml of the mixture of lactose, glucose and sucrose were 

applied to the base line of a thin-layer plate. At both ends of the base line two refer- 
ence spots were applied, as described above. 
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After treatment of the plate, lactose and glucose were determined by the Tetra- 
zolium Blue method, and sucrose by the method of KULICA as described above. 
Table II contains the results of the analyses. The average values and the SD were cal- 
culated from these figures. 

DISCUSSION 

From the figures in Tables I and II an impression can be gained regarding the 
possibilities of the method. Its prime merit is that it allows the quantitative analysis 
of complex sugar mixtures to be made with fair accuracy. Table I shows that the 
method does not result in a chromatographic separation between mannose and fruc- 
tose. Nevertheless the amount of either sugar can be established if both are present 
simultaneously. The total. quantity of the two sugars can be determined by the 
Tetrazolium Blue method, whereas the estimation of fructose by the resorcinol method 
is not affected by the presence of mannose. 

It is important that the ease with which the different manipulations can be 
carried out permits the volume of liquid. delivered by each pipette to be checked 
regularly, and the yield of each individual sugar to be estimated. Every analyst can 
easily ascertain the possibilities for each particular case, and test the accuracy and 
reproducibility of his results. 

Finally, the qualitative analysis of sugar mixtures of unknown composition by 
the method described may facilitate the investigation of such mixtures in a classical 
way. If only one or two sugars appear to be present, the determinations 
conducted along conventional lines. 

can often be 
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