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Critical examinations were made on the conditions for preparing the sugar solutions to be analyzed 

by ion-exchange chromatography of sugar-borate complexes by the method of Khym and Zill1). A 
procedure was proposed which gave the best recovery of sugars with minimum hydrolysis of sucrose. 
By means of this procedure, sugar solutions were prepared from potato tubers which had been stored 

at a high (30°C) or low temperature (6°C). Results of the chromatographic separation and determina-

tion of component sugars showed that main sugars present in potato tubers were sucrose, glucose, 

and fructose. Maltose and pentoses could not be detected. The contents of sucrose, glucose, and 

especially, fructose were far greater in potatoes stored at a low temperature than in those stored at 

a high temperature.

Khym and Zill1) showed that borate com-

plexes of sugars could be separated by ion-

exchange chromatography. Since then, there 

appeared some papers on the analysis of sugars 

in plant tissues by the method. It was confirmed 

that essentially quantitative results could be 

obtained by the method of Khym and Zill and 

the accuracy of the method fairly surpassed 

that of paper chromatography.

While considerable attention has been paid 

to the separation of sugars, there is a few in-

vestigations of the procedures for preparing 

sugar solutions from plant tissues.

The procedures which have been used are as 

follows2,3,41: Plant tissues are extracted with hot 

80,% ethanol. The alcohol is removed in vacuo. 

Lead acetate solution is used to clean the extract 

and the excess lead removed by hydrogen

1). J. X. Khym and L. P. Zill, J. Am. Chem. Soc., 74, 2090 
(1952).

2) G. R. Noggle and R. A. Bolomey. Plant Physiol., 26, 174 
(1951).

3) G. R. Noggle and L. P. Zi11. Arch. Biochem. Bioph ys., 41, 
21 (1952).

4) T. Fukui and Z. Nikuni, Nippon Nogei-kagaku Kaishi (J. 
Age. Chem. Soc. Japan), 33, 72 (1959).

sulfide. Deionization of the extract is ac-

complished by the use of ion-exchangers. The 

deionized solution is used for chromatography.

In these procedures, there are two points to 

be made clear. The first point concerns the 

problem whether the recovery of sugars is com-

pletely quantitative in these procedures. Loss 
of sugar may occur during removal of non-

sugar components (i.e., during treatment with 

lead and removal of excess lead) and/or inter-

fering ions by ion-exchangers. There are some 

reports concerning the adsorption of sugars by 

ion-exchangers. For example, strong-base anion-

exchangers such as Amberlite IRA-400 or 

Dowex-l (in hydroxide forms) adsorb and retain 

sugars, especially reducing sugars such as glucose 

and fructose". Even a weak-base anion-exchanger 

such as Amberlite IR-4B (in hydroxide form) 

is also reported to adsorb glucose", although it 

is not certain whether the amount of sugar 

adsorbed is beyond the analytical error or not.

5) S. Roseman. R. H. Abeles and A. Dorfman. Arch. Biochem. 

Biophys., 36, 232 (1952).

6) T. M. Reynolds. Nature, 175, 46 (1955).
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Anyway, it is quite possible that adsorption of 

sugars can occur during the deionization with 

ion-exchangers.

The second point concerns the possibility that 

hydrolysis of sucrose may occur during these 

procedures. Use of hydrogen sulfide and cation-
exchangers in the removal of lead ions and the 

other cations, respectively, makes the sugar 

solution very acid, whereby hydrolysis of sucrose 

may occur. In fact, Noggle and Bolomeyt1 

found that hydrolysis of sucrose ensued by 

strong-acid cation-exchangers (e.g., Dowex-50) 

during deionization. Hydrolysis of sucrose will 

cause a serious error in the analysis of sugars, 

especially when the plant tissue contains a large 

amount of sucrose and very little of glucose 

and/or fructose, as in the case of potato tubers 

stored for some time at a high temperature.

This paper deals with the examination of 

conditions for preparing the sugar solutions to 

be analyzed by ion-exchange chromatography 

of sugar-borate complexes. A procedure was 

proposed which gave the best recovery of sugars 
from plant tissues. By using the procedure, 

sugar contents of potatoes stored under different 

temperature conditions were determined.

EXPERIMENTAL

Materials and Methods

Sugars. D-Arabinose was prepared from calcium D-

gluconate by the method of Hockett and Hudson?). 
Glucose, fructose, and sucrose were commercial products 
of the highest qualities.

Determination of Sugars. Total sugar was deter-

mined by the phenol method of Dubois et al.8). Re-

ducing sugars were determined by the colorimetric 
method of Somogy:11. Pentose was determined by the 

orcinol method of Drury10'. Fructose was determined 

by the resorcinol method of Roe11).

Chromatography of Sugars. The preparation of an 
analytical column of Dowex-1 (200400 mesh, borate 
form), 0.87 sq. cm. x 4.0 cm., and the chromatography

7) R. C. Hockett and C. S. Hudson, J. Am. Chem. Soc., 56, 
1672 (9934).8

) M. Dubois, K. A. Gilles, J. K. Hamilton, P. A. Rebers and F
. Smith, Anal. Chem., 28, 350 (1955).
9) M. Sornogyi, J. Biol. Chem., 195,19 (1952).

10) H. Drury, Arch. Biochem., 19, 455 (1948).
11) J. H. Roe, J. Biol. Chem., 107, 15 (1934)

of sugar-borate complexes on this column were per-
formed just as described by Khym and ZillO.

RESULTS AND DISCUSSION

Adsorption of Sugars by Ion-exchange Resins 

 As the desalting is usually performed with 

ion-exchange resins either in the form of columns 

or in batchwise fashion, these two proceduress 

were examined for possible adsorption of sugars. 

In the column method, the following resins were 

used :

(i) Amberlite IR-120 (H+), 
2.5 sq. cm. x 5cm.

(ii) Amberlite IR-4B (OH-), 
2.5 sq. cm. x 5 cm.

(iii) Amberlite IRA-410 (OH-), 
2.5 sq. cm. x 5 cm.

(iv) Mixed resins, containing 12 ml.* each 
of Amberlite IR-120 (H') and Amberlite IR-
4B (OH-). A column with an inner diam. of 

1.8 cm. was used.

(v) Column (1) was followed by column (ii), 
so that the effluent from column (i) entered 

directly into column (ii).

One hundred ml. of a sugar solution (con-

taining 200 mg. of sucrose, 100 mg. of glucose, 

or 100 mg. of fructose) was passed through one 

of the columns described above at a flow-rate 

of 2 ml. per min. After passage of the sugar 

solution, the column was washed with water 

until no sugar was detected in the effluent 

solution. The effluent solution and the washings 

were fractionated into 8-ml. portions by using 

a fraction-collector. Content of the sugar in 

each fraction was determined by the phenol 

method. A part of the results is shown in 

Fig. 1.

As shown in the figure, Amberlite IRA-410, 

a strong-base anion-exchange resin, retained 

glucose so firmly that a large amount of water 
was necessary to wash it out from the column-

On the contrary, adsorption of sucrose was very 

slight with IR-120 and IR-4B resins. With these 

resins, recoveries of sucrose as well as of glucose

N The volume of the resin refers to the wet volume through-
our this paper.
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Milliliters through Column

FIG. 1. Adsorption of Sugar by Strong-base Anion-exchangers and Hydrolysis of Sucrose by

 Strong-acid Cation-exchangers.

A broken line in the upper part of each diagram shows the original concentration of the sugar solution added to the 

column. The shadded area shows the amount of reducing sugars.

Ordinate: a. concentration of total sugar in mg./ml.

b. concentration of reducing sugar in ug./ml.

Abscissa: volume of effluent run out of column.

Flow rate: 2mL/min.
A: Amberlire IR-120 (H'), 2.5 sq.cm.x5 cm. Temperature: 28'. Recovery of sucrose, 102.9',, hydrolysis

 of sucrose, 2.0%.
B: Amberlite IR-4B (OH-), 2.5 sq.cm.x6cm. Temperature: 28'. Recovery of sucrose, 100.6°,; hydro-

lysis of sucrose, 0.19%.

C : Vertically-connected columns of Amberlite IR-120 (H`) (2.5 sq.cm. X 5 cm.) and Amberlite IR-4B (OH-) 

(2.5 sq.em. X 6 cm.). Temperature: 6'. Recovery of sucrose, 104.0%; hydrolysis of sucrose, 0.05%.
D : Amberlite IRA-410 (OH- , 2.5 sq.cm. X6 cm. Temperature : 28'. Recovery of glucose, 100.1%.

and fructose always amounted to 98; o or more of 

the sugar added to the columns, when these 

columns were washed with an equal volume of 

water after passage of the sugar solution.
In the batchwise method, it was at first neces-

sary to know how long the sugar solution should 

be let to stand in contact with the resin to 

effect complete desalting. Williams et al.12' al-

lowed a suspension of 2 g. (dry wt.) each of 

anion and cation exchangers in 50 ml. of a sugar 

solution to stand for 2 hrs. with occasional 

shaking at every ten min., while Jones"' agitat-

ed the same suspension for 15 min. Therefore, 

the time of contact of a solution with the resins

12) K.T. Williams, A. Bevenue and B. Washauer, J. Assoc. 
OJIic. Agr. Chemists, 33, 980 (1950) ; cited by D. J. Bell, in K. 
Paech and M. V. Tracey (eds.), Modern Methods of Plant Analy-
sis, Vol. II, p. 5. Springer Verlag (Berlin, 1955).

13) N. R. Jones, Biochew. J., 68, 704 (1958).

necessary for complete desalting was determined 

by using a solution of mixed inorganic salts.

A mixture of 5 ml. each of IR-120 (H+) and 

IR-4B (OH-) resins was suspended in 50 ml. of 

a salt solution containing 100 mg. of potassium 

dihydrogen phosphate and 10 mg. each of calcium 

chloride dihydrate, magnesium chloride hexa-

hydrate, and sodium chloride*. The suspension 

was cooled in an ice-water bath with occasional 

shaking. Before and after shaking for 5, 15, 30, 

and 60 min., aliquots were withdrawn and or-

thophosphate contents were determined by the 

method of Nakamura14). At the same time, 

specific resistance of the treated solution was

* The solution contains the maximum amount of salts which 
would be extracted from potatoes by the method which will be 
given later in this paper.

14) M. Nakamura, NiPPon Nogei-kagaku Kaisbi, 24, 1 (1950).
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TABLE I. DESALTING ABILITIES OF ION-EXCHANGERS USED BATCHWISE

TABLE II. RECOVERY OF GLUCOSE FROM ION-EXCHANGE RESINS

 USED BATCHWISE

measured with a conductometer (manufactured 

by Japan Organo Co.). Results are shown in 

Table I. It may be concluded from these results 

that desalting is nearly complete after 15 to 

30 min. at the ice-cold temperature.
The next problem in the batchwise use of 

resins is the adsorption of sugars on the resins. 

A mixture of 2 ml. each of IR-120 and IR-4B 

was added to 20 ml. of a solution containing 

20 mg. of glucose. The suspension was stirred 

for 30 min. in an ice-water bath, and then the 

resin was filtered off with a glass-filter. The 

resin was washed four times with 20-m1. por-

tions of water. Glucose contents in the filtrate 

and washings were determined separately. The 

same procedure was repeated by using IRA-410 

resin instead of IR-4B. The results are shown 

in Table II. When IR-4B was used in com-

bination with IR-120, recovery of glucose was 

complete after the second washing. IRA-410 

resin retained glucose very firmly even in the

 batchwise method just as it did in the column 

method.

Recovery of Sugars from Analytical Columns

Although it was reported that sugars were 

eluted quantitatively form borate-form resins',',", 

it was desirable to confirm the quantitative 

aspect in our hands. An analytical column, 

0.87 sq. cm. X 4 cm., and a mixture of authentic 

sugars, containing 20.0 mg. of sucrose, 4.0 mg. 

of glucose, and 4.0 mg. of fructose per 10 ml. 

were prepared as described by Khym and Zill". 

The recovery of each sugar was 19.8 mg. (99Y.), 

3.7 mg. (93V, and 4.0 mg. (100°0), respectively.

Hydrolysis of Sucrose

It is possible that hydrolysis of sucrose may 

occur when the sugar solution is exposed to 

strong acid, i.e., during removal of lead ions 

by hydrogen sulfide and during desalting with 

a strong-acid cation-exchanger. To confirm the 

extent to which hydrolysis of sucrose may occur
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TABLE III. HYDROLYSIS OF SUCROSE DURING REMOVAL OF LEAD IONS

TABLE IV. HYDROLYSIS OF SUCROSE DURING DESALTING WITH

 ION-EXCHANGE RESINS USED IN COLUMNS

and to find out, if possible, a mean by which 

the hydrolysis may be prevented, the following 

experiments were performed.

Hydrolysis of Sucrose during Removal of Lead Ions

Although hydrogen sulfide has been used for 

 the removal of lead ions, there are some reports 

in which sodium phosphate is used for the same 

 purpose. It was attempted, therefore, to decide 
which one of these two reagents might cause 

a smaller hydrolysis of sucrose.

One ml. of lead acetate solution (containing 

0.3g. of Pb(CH3COO)2.3H2O) was added 

to 50 ml. of a solution containing 190 mg. of 

sucrose. After cooling the solution for 30 min. 

in ice-water, hydrogen sulfide was passed through 

the solution for 5 min. Lead sulfide thus formed 

was centrifuged off and washed with three por-

tions of cold water saturated with hydrogen 

sulfide. All these procedures were performed 

within 30 min. The combined supernatant and 

washings were aerated for 30 min. at room 

temperature to set free the solution from excess 

of hydrogen sulfide. The total and reducing 

sugar contents in the solution were determined. 

In another experiment, 2 ml. of sodium phos-

phate solution (containing 0.2g. of Na,HPO,.

 12 H20 per ml.) was added to the sugar solu-

tion containing lead acetate. The precipitate 

formed was centrifuged off and washed with 

three portions of cold water. The combined 

supernatant and washings were used for the 

determination of total and reducing sugar con-

tents.

The results are shown in Table III. Hy-

drolysis of sucrose occurred when the sugar 

solution was treated with hydrogen sulfide, 

although it was limited only to a small extent 

when due precaution was paid to keep the 

sugar solution well cooled during treatment 

with hydrogen sulfide. It may be, however, 

better to remove lead ions with sodium phos-

phate in order to avoid the hydrolysis of sucrose.

Hydrolysis of Sucrose during Desalting

In the experiments in which adsorption of 

sugars on the resin was determined, the extent 

of the hydrolysis of sucrose was determined at 

the same time. The appearance of reducing 

sugars in the eluates from the column is also 

shown in Fig. 1. Table IV shows the extents 

of hydrolysis of sucrose by various resins used 

in columns at room and cold-room temperatures. 

Treatment with IR-120 resin brought about
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TABLE V. HYDROLYSIS OF SUCROSE DURING DESALTING WITH ION-

EXCHANCE RESINS USED BATCHWISE

the hydrolysis of sucrose to a considerable degree 

at room temperature; about 2% of sucrose was 

hydrolyzed under these conditions. This may 

cause a serious error in the analysis of sugars. 

However, hydrolysis was remarkably suppressed 

by carrying out the whole procedure in a cold 

room at 6°. Hydrolysis of sucrose was much 

smaller when IR-120 resin was used in a mixed-

bed form with IR-4B resin than when these 

resins were used separately. As was expected, 

IR-4B resin did not cause hydrolysis of sucrose 

to a significant degree.

In the batchwise method, 2 ml. each of IR-

120 and IR-4B resins were added to 20 ml. of a 

sugar solution containing 37.6 mg. of sucrose. 

The suspension was stirred at room temperature 

or at ice-water temperature. Total and reduc-

ing sugars were determined before and after 

stirring for 15 and 30 min., respectively. The 

results are shown in Table V. Although less 

sucrose was hydrolyzed than the case in which 

resins were used in columns, a considerable 

amount of sucrose was hydrolyzed when the 

batchwise procedure was carried out at a high 

temperature. When the procedure was per-

formed in ice-water, the extent of hydrolysis of 

sucrose was very small, i.e., 0.2,°0 of sucrose 

present in the sugar solution.

Recovery of Added Arabinose from Potato Extract

The experiments described so far were based 

on the principle that interfering substances in 

tissue extracts were removed by lead ions, ex-

cess lead was removed by hyrogen sulfide or 

sodium phosphate, and further desalting was 

carried out with ion-exchange resins. Then, a

 question arises : Is the removal of lead ions 

prior to desalting actually necessary ? It was 
to be expected that excess lead ions might be 

removed in the desalting process. To test the 

validity of the idea on one hand and to check 

the quantitative aspect of the whole procedure 

on the other, the following experiments were 

performed.
Potato tubers were extracted with hot 80 

ethanol"'. Since the virtual absence of pentoses 

in potato extracts was already known from 

paper-chromatographic analysis, a small amount 
of arabinose was added to the extract as a 

reference sugar. After removal of ethanol by 

distillation in vacuo, the solution was treated 

with lead acetate to remove interfering sub-

stances. Sugar solutions to be analyzed by ion-

exchange chromatography were prepared by 

one of the following three methods :

(I) Lead ions were removed by hydrogen 
sulfide in the cold. After desalting with a 

mixture of IR-120 and IR-4B by the batchwise 

method, the solution was concentrated in vacuo.

(2) Lead ions were removed with sodium 

phosphate. Other procedures were the same as 
in (1).

(3) The solution containing excess lead ions 
was treated with ion-exchangers, and the result-

ing deionized solution was concentrated in vacuo.

Ion-exchange chromatography of the resulting 

solutions was carried out as described by Khym 

and Zilll'. The amounts of sucrose, glucose, 

fructose, and arabinose eluted from the column 

as well as the percentage recovery of added

15) K. T. Williams, E.F. Potter, A. Bevenue and W. R. Scurgi, 
J. Assoc. Offic. Agr. Chemists, 32, 698 (1949). cited by D. J. Bell, 
loc. cit., p. 3.
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TABLE VI. RECOVERY EXPERIMENTS USING

 POTATO EXTRACT

In each experiment, 50.0 ml aliquot of potato extract, to 

which 5.35 mg of arabinose had been added, was used.

* Figures in parentheses show the percentage recovery of 

added arabinose.

arabinose are shown in Table VI. As will be 

seen from the table, the three methods gave es, 

sentially the same results. Thus, the yield of 

each sugar and the recovery of added arabinose 

might be within experimental error of this 

method. The elution pattern obtained with a 

sugar solution prepared by the method (1) i; 

shown in Fig. 2 as an example. The results 

obtained here lead to the conclusion that the 

simplest method, i.e., the method (3), is the 

prefered one for preparing the sample sugar 
solutions.

Quantitative Analysis of Sugars in Potato Tubers 
 Potato tubers (var. Irish cobbler or Danshaku-

imo) were stored either at 6°C for 14 days or 

at 30°C for 24 days, respectively. Fifty g. of 

peeled potatoes were mashed into 200 ml. of 
95% ethanol containing a small amount of 

calcium carbonate, and the mixture was reflux-

ed for an hour. Four successive extractions 

were made each time with 70 ml. portions of 

hot 80% ethanol. The extracts were combined, 

and the volume was measured. A portion of 

the air-dried residue was hydrolyzed with dilute 

hydrochloric acid and the starch content of the 

potato tubers was calculated from the amount 
of reducing sugars thus formed.

An aliquot of the extract was concentrated in 

vacuo to about 10 ml. at a temperature not 

exceeding 40°. The concentrated solution was 

transferred quantitatively to a centrifuge tube 

by means of a small amount of water, and the 

solution was treated with 0.4 ml. of a lead 

acetate solution (0.3 g. Pb(CH3COO)2•3H2O/ml.). 

The precipitate was centrifuged off and washed 

with three portions of water. The combined 

supernatant and washings were treated with 

a mixture of 3 ml. each of IR-120 and IR-4B.

Liters through column

FIG. 2. Separation and Analysis of Sugars Extracted from Potato Tubers with 

Added Arabinose.

See the text for the preparation of the sample sugar solution. Concentrations of sodium terraborate 

in the eluting solvents are shown in the figure. Flow rate : 1 ml./min. See Table VI for the amounts 

of sugars found in the eluates. The open circle shows the concentration of arabinose. Abbreviations 

used in the figure: S. sucrose; F, fructose; A, arabinose; and G, glucose.
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The suspension was stirred for 20 min, in the 

.cold, and the resin was filtered off on a glass-

filter. The combined filtrate and washings were 

concentrated in vacuo. Total and reducing 

sugars were determined in the concentrated solu-

tion. An appropriate amount of 0.005 m sodium 

#etraborate solution was added to the concentrat-

ed solution to give a final concentration of 

0.001 M. Preparation of an analytical column 

of Dowex-l, borate form, and chromatography 

of sugars on this column were performed as 

described by Khym and Zill1).

Dubois' phenol method was used for the 

determination of total sugars. Although the

Liters through Column

FIG. 3. Separation and Analysis of Sugars Extracted from Potato Tubers .

See the text for experimental details. Concentrations of sodium tetraborate in the eluting solvents 

are shown in the figure. Flow rate : 1.5 ml./min .
A : Potato tubers were stored at 30' for 24 days . The sugar solution, corresponding to 11.4g. of

 fresh potato tubers, was put on the column. Sugars found: 31.2 mg. of sucrose; 0.56 mg. of
 fructose ; and 2.7 mg. of glucose.

B: Potato tubers were stored at 6' for 14 days . The sugar solution, corresponding to 1.7g. of fresh
 potato tubers, was put on the column. Sugars found : 19.5 mg. of sucrose ; 4.3 mg. of fructose;
 and 4.3 mg. of glucose.

See the legend of Fig. 2 for abbreviations in the figure .
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development of color in this method was slightly 

inhibited in the presence of borate, the pro-

portionality between color intensity and con-
centration of sugar was maintained even in the 

presence of borate. Somogyi's colorimetric 
methods' could not be used for the determina-

tion of reducing sugars eluted by 0.03 ns borate, 

because development of color was seriously in-

hibited by borate. Roe's resorcinol method for 

fructose"' was not affected by borate.

The results are shown in Fig. 3. These re-

sults are in fairly good agreement with those 

calculated from chemical determinations . Thus, 
11.4 g. of potatoes stored at 30' contained 34.5 mg. 

of total sugars and 3.3 mg of reducing sugars 

by the chromatographic method, while cor-

responding values obtained by chemical methods 

were 35.0 and and 4.5 mg., respectively. Total 

and reducing sugars contained in potatoes stored 

at 6° (1.7 g. fresh wt.) were 28.1 and 8.6 mg., 

respectively, by the chromatographic method, 

and 25.1 and 9.7 mg., respectively, by the 

chemical method. As can be seen in the figure, 

maltose could not be found in the eluates. A 

peak following that of sucrose seems to cor-
respond with raffinose and a peak preceding 

that of fructose seems to correspond with sta-

chyose, as judged from chromatographic beha-

viors of these sugars. But the sugars constituting 

these peaks were not identified in this work, 

because the amounts of these sugars obtained 

were so small that it was difficult even for a 

tentative identification by paper chromato-

TABLE VII. CARBOHYDRATE CONTENTS OF POTATO

 TUBERS AS INFLUENCED BY STORAGE

 TEMPERATURES

graphy.

Table VII shows the percentage composition 

of sugars and starch in the fresh potato tubers. 

As shown in the table, the sugar contents of 

potatoes stored at a lower temperature were 

much greater than those of potatoes stored at 

a higher temperature. Especially, the increase 

in the amount of fructose in the cold was re-

markably great. These results were essentially 

the same as those obtained by Arreguin-Lozano 

and Bonnerls' and by Schwimmer et a1.111, but 

the changes in the contents of glucose and fructose 

were far greater than those reported by these 

workers.
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