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INTRODUCTION 

Methods of ,quantitative determination of sugars by paper chromatography 
can be divided into two groups. The first group quantitatively determines the colored 
compound that is formed on a chromatogram upon oxidation of -a sugar by an oxi- 
dizing agent. The colored compound is either extracted and determined spectro- 
photometrically or determined by a transmittance densitometer. Such, a compound 
is triphenyltetrazolium chloride which is reduced to a formazon compound which is 
extracted and determined by a spectrophotometer (WALLENFELS~, MATTSON AND 
JENSEN~~~~ TRAVELYAN et al.“). Another such compound is ammoniacal silver nitrate 
which upon reduction by a reducing sugar to silver black is measured with a trans- 
mittance densitometer (MCFARREN et al.“) or a radiometer (BEERS). 

The second group of methods extracts or elutes the sugar from a cut-out spot 
on a paper chromatogram in which the sugar was first located by a guide strip tech- 
nique. Then the sugar is determined by a standard micro-calorimetric method 
(WWISTL’ER~ and HOUGH AND JONES’). The latter method is preferred because sugars 
are easily and quantitatively extracted or eluted off the chromatogram with water 
and the color development which is formed by the reaction of a sugar and a reagent 
is more easily controlled in a test tube than that on the paper chromatogram. Ex- 
traction is done either by an extractor (DUFF AND .EASTWOOD~) or simply by immersing 
the, spot on the paper in’ water (WHISTLER AND HICI~SON~ and DUBOIS’ et dfo). 
SHALLENBERGER AND MOORE+” simultaneously extracted and determined sugars 
separated on Whatman No. I paper. After paper blank correction, standard.deviation 
was found to be less than 5 ,ug in the range of 10-200 ,ug Of sugar. DIMLER el aZ.12 

modified the elution method of DENT 13 for sugar analysis and recommended that 
elution should be carried out at room temperature and the rate of elution should be 
carefully controlled to avoid channeling which causes incomplete elution. 

This paper describes a rapid quantitative procedure with high reproducibility 
suitable for the large number of determinations involved, in routine analysis for 

mu. sugars in plants. The solvent which was developed gave good separation of sucrose; 
“‘+ glucose and fructose, all of which are commonly found in plants. The sugars afrom 

_ . 
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the paper chromatogram were eluted by means of a micro-elution tube directly into 
the test tube used in a standard micro-col.orimeter method. 

MATERIAL AND METNODS 

Samples of 0.25 to I g of freeze-dried peach (Przc~z2cs pevsica var. Halehaven) 
endosperm were extracted with 50 ml of 70 o/0 ethanol or by the water-methanol- 
chloroform extracting method of BIELINSICI AND YOUNGER. The 70 o/o alcoholic 
extract was partially purified by dilution with water and extraction with chloroform 
in the following tertiary solvent system: alcoholic extract, chloroform and water 
(6 : 3 : 2, v/v). The chloroform phase containing the fat-soluble materials was discarded. 
The aqueous phase was further purified by passing through a column of Dowex 
50 resin in H+ form and then a column of Amberlite IR 45 resin in OH- form. Dowex 
50 resin removed the cations, and Amberlite IR 45 resin removed the anions. The 
neutral filtrate and washings were combined and dried over concentrated sulfuric 
acid in vuczco in a desiccator. This residue was dissolved in a volume of 10 y0 ethanol 
to make about 10 ,ug per d, preparatory to calorimetric determinations of sugars 
and chromatography. 

Determination of sztgar concentration 
The Somogyi copper reagent (SOMOGYP) was prepared and stored in 2 parts 

(BELLOW). A : 28 g anhydrous disodium phosphate and 40 g Rochelle salt were dis- 
solved in 700 ml distilled water. 4 g sodium hydroxide were dissolved in 100 ml 
distilled’water and added with mixing. 180 g anhydrous sodium sulfate were added 
and the whole was made to goo ml. B: 8 g cupric sulfate (crystalline) were dissolved 
in zoo ml distilled water with a drop of sulfuric acid. Nine parts of reagent A and one 
part of reagent I.3 were mixed just prior to use. 

Arsenomolybdate reagent (NELSON~‘) was prepared as follows: 25 g ammonium 
molybdate were dissolved in 450 ml distilled water and 21 ml concentrated sulfuric 
acid were added slowly. Then’ 3 g dibasic sodium orthoarsenate pentahydrate in 
25 ml distilled water were added with mixing. The solution was aged at 37” for 48 h 
before use and stored in a dark brown bottle. 

One percent (v/v) invertase solution was’prepared from concentrated invertase 
solution (Nutritional-Biochemical Company). Two drops of the I o/o invertase solution 
were added to each, test tube containing sucrose and oligosaccharides with sucrose 
type of linkage (melizitose, raffinose, gentianose and stachyose). One to two hours at 
20-25 O should elapse before determination of sugar concentration. 

The concentration of total reducing sugar and total sugar by hydrolysis with 
invertase was determined on the partially purified extracts. A specific volume of 
the partially purified sugar. extract giving about IOO lug of sugar in I ml distilled 
water was mixed,with I ml of the mixed Somogyi copper reagent..Tha mixed solution 
was heated in a ,water bath at 100’ for 20 min, then cooled immediately in a water 
bath at room temperature. The I ml of arsenomolybdate reagent. was. added and 
mixed vigorously., After 5 min the solution was diluted to 25 ml final \Rolume with 
distilled water and mixed, then 
Spectronic 20. The concentration 
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curve established for .each batch of reagents. z ml~of the reagents instead of I ml was 
used in the sugar determination on eluates from paper chromatograms,because the 

/ volumes of eluates were approximately 2 ml. 
‘. 

Chromatograf!d2y 
Four spots of each sample of sugar solution were placed 4 cm apart on Whatman 

No. 3MM paper with a Misco spotting pipette. The amount of sugar per spot should 
give a concentration of 10-150 lug for each sugar determined. When,multiple spotting 
was found necessary to give this concentration, the spot was dried in an air stream 
of 60: before respotting. A standard sugar mixture consisting of raffinose, sucrose, 
glucose, fructose, arabinose and xylose was spotted on the edge.of each chromato- 
gram as references. A solvent which gave good separation of sucrose, glucose and 
fructose was water-saturated n-butanol, 95 y0 ethanol and trichloroethylene (6: 2 : 2, 
v/v). Chromatograms were developed descendingly for 32 h at ‘j2O without equili- 
bration. Longer developing time was needed to separate the higher oligosaccharides. 

Development temperature of 32’: was chosen because it improved definition, 
separated in less time (particularly with the slowly ,moving oligosaccharides), 
permitted handling of a larger quantity of sugars, and it was easy $0 maintain 
(CHANGE). 

The chromatograms were dried at room temperature. The chromatogram was 
then cut .into strips. One strip of the sample (the ‘guide strip) and the.reference strip 

Fig. I. Specifications for the assembly of.the micro-clulion tube, (A) a r cm in height’ x 3 cm in 
diameter plastic cap holding 3 ml water; (B) seal with par&tin; (C) 10 cm of ,a glass tube with 0.5 cm 
bore; (D) a strand from,a,glass wool wick IO cm long;. (E) loose cellulose powder; (I?) 0.4 cm 
filter paper plug: (G) small plug of glass wool; (H) x5-r50 mm test tube; (I) a r&led-up “ctit-out 
square” of a paper chromatogram. ‘.,. .’ 
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of* tlie standard sugars were sprayed with the following improved be&dine reagent 
‘(&AN AND CAIN~D) : A mixture of 10 ml of 5 % benzidine in glacial acetic acid .plus 
IO ml of 40 yO aqueous trichloroacetic acid was diluted to zoo ml with 95 ‘$& ethanol. 
hldoses were revealed as brown spots after heating at 70” for IO-IS min, then ketoses 
were revealed, as yellow spots after additional spraying with 1.0 yO WC1 in 95 yO 
ethanol and heating again at 70” for lo-15 min. These colored spots were marked 
with aid of a black light lamp. The chromatogram ‘was reassembled. The sites of 
sugars on the three unsprayed strips were located by reference to the guide strip 
with a centimeter allowance on either end of the sugar spots. 

The squares containing the sugars were cut out from the unsprayed strips of 
paper chromatogram .and eluted .by distilled water with a, micro-elution tube. The 
specifications for the micro-elution tube. are shown in Fig. 1. 

The “cut-out square” of paper was rolled up’ diagonally with forceps. It :was 
inserted half way into the micro-elution tube so that it touched the filter paper plug, 
which was adjustable. The pointed tip of the paper was squeezed, and the’micro- 
elution tube was placed in a graduated test tube in a slightly tilted rack so that the 
tip of the ‘paper was in contact with the test tube wall. This facilitated the run-off 
of the eluate. 3 ml distilled water were added to the plastic cup. The’ rate of capillary 
siphoning by the glass wool wick should be approximately equal to that of the paper so 
that little or no water accumulates above the filter paper plug. This held back excess 
water if.siphoning was too rapid. The whole set-up was enclosed in a humidified box 
while elution proceeded overnight. To those test tubes collecting eluates containing 
sucrose, raffinose, or stachyose,’ two drops of I o/o invertase were added before elution. 
This allowed hydrolysis of these sugars as they were eluted into the test tube. 

RESULTS 

A solvent for paper chromatography was developed to give a good separation of 
sucrose, glucose and fructose. After a series of studies on various. proportions of water- 
saturated n-butanol, 95 Y. ethanol and trichloroethylene, 6: 2 : 2, v/v was found to be 
a good, combination. Table I shows the comparison of the Ro values (reference to 
glucose) of some sugars by this solvent with several solvents studied by PARTRIDGE 
AND WESTALL~~. Its XG values compared favorably with the alowly developing 
rt-butariol-NH, (I O! w/v) and better than the m-butanol-acetic acid-water, (4: I : 5, 

v/v> ’ 
Complete elution in the range of 47.-142 ,ug glucose from 15 cm2 Whatman 

No. 3MM paper was accomplished with 2.4 ml distilled ‘water (Table II) a Percentage 
of recovery varied from IOZ to 102 o/o, The standard deviation of the mean was less 
than 1.1 pg glucose in the 47-142 pg range tested. 100 .,ug raffinose,was eluted com- 
pletely as shown by testing the paper with improved be&dine reagent afterivard. 

Sucrose, glucose, fructose and ribose were used to test the percentage of recovery 
and the reproducibility of the procedure. Table III shows a gr to gg y. recovery with 
a standard deviation of less than 2 ,ug and with less than 3 O/~ error. 
,: .j The endosperm :of peach, Prtim~ $wsica . var. Halehaven, was extracted with 
7o yo’ ‘ethanol’ ‘an+ prepared for, paper chromatography as described. Total reducing 
sugar: ,and total sugar $ere determined on., the partially purified extract. The total 
sugar was determined after hydrolysis by I O/- invertase,, The difference between 
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TABLE I i 

A CONPAXSON OP THE &!c VALUES OF SOME SUGARS IN WATER-SATURATED ‘H-BUTANOL-TRLCNLORO- 

ETI-IYLENE-95 o/o ETHANOL (6 : 2 :2, V/V) WITH SEVERAL SOLVENTSzo 
-. 

Sacgar RG value Rc vaEue caZcuZatcd from Partridge and Wastall20 

Water-saturated Phenol-HCN- +a-ButanoZ- 
n-butanol-TCE- NH, HAG-watq 

n-ButanoZ-NH, 
t-t % w/v) 

95 y. ethanoZ (I % w/v) (4 :z 5, v/v) 
(G :2:2, v/v) at 

:. - 
22O for 36 IG ,’ 

Rafiinose 
Mclibiosc 
Cellobiose 
Sucrose 
Gals~ctosc Glucose 

Fructose Mannosc 

Arabinosc 
Xylose 
Ribose 

0.07 0.69 0.28 - 
0.16 - -- - 

0.19 - -- - 
0.41 I .oo 0.78 - 
0.76 1.13 0.89 0.86 1.00 1.00 1.00 1.00 

1.42 1.31 I.28 1 a43 1.28 1.15 1.11 
I.43 

t‘ 

I.39 I*39 1.17”’ I.43 ( .’ 

1.83 1.13 ,. ” 1.56 I.79 1,-: 
2.09 I..51 ,.. , 1.72 2.57 

. 

TABLE II 

COMPARISON OF RECOVERY OP GLUCOSE BY ELUTLON WITH DIRECT DEikRMINATION BY A STANDARD 

COLORLMETRIC METHOD 

Glucose (,ug) Recovery Standard 
:. - ,*. 

(%) deviation 
Spotted Found e (MT) 
_. .- ‘. 

46.3 (.. ” 47.1 101.5 0.163 .;:; 

92.5 F c 94.0 101.6 o-349, 111 
x39*0 142.0 102.1 1.020 

g2.s** - - 1,455 , ,: 

* Mean of nine determinations. 
‘. 

** Mean of twelve cletcrminaitions on ‘1 .ml sugar solution. 

TABLE Iii. ” 

RECOVERY OB SOME SUGARS FROM PAPER CWROMATOGRAMS 

Sugar Quantity b9 T Recovcvy Standard ,de- Eryors. 

.’ 
Spotted Found (%) ;. viations ,(pg) (O/$), . I .I 

. . . . 
: . . 

~*Sucrbse 78.0 70.8 go.8 1.88 2.66 ,; . 

‘k+Glucose 71.0 7o*s 99.3 2.01 2.85 

Fructose; 62.0 60.1 96.9 I.17 ,I.96 
Rib&e 92.1 98.3 .; 1.49. 1.62’ 

‘, 
901s 

‘. _.. : ,, ,.: ( ,.I ’ . 

- - 
* Meson of nine cleterminsli.ons. L ,..I . . . -‘.,. ‘; . , : 

J. Clcvomatog.;, 22. (x966) ‘gsxor 
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TABLE IV 
. 

COMPARISON OF ‘SUGAR DBTJRMLNATIONS ON PRACH ENDOSPERM BEIrORE AND AFTER CHROMliTO- 

GRAPEIY 

(mg glucose per g dried cndospcrm) 

Unidenti- Sucrose GZucose Fructose Total TotaE 
fied reducing sugar 
sugar sugar 

Before chromatography 
After chromatography 
Standard deviations (pug) * * 

- (2g.2)* - - 100.8 130.0 ’ 
4.20 26.6 46.3 38.1 (88.6) * (115.TY 
0.114 0,174 0.028 0**99 0.220 0.078 

* Values in parentheses are calculated. 
* * Standard deviation’ of nine delermin$ions. 

.$’ 
total sugar and total reducing sugar represented non-reducing sugar, the sucrose 
fraction. gr y-, of this sucrose fraction was recovered a&sucrose after chromatography, 
(Table IV). Sucrose was further identified by invertase hydrolysis on the chromate-‘, 
gram as follows, The chromatogram was sprayed with I oh invertase on the area 
containing sucrose and kept in a humidified chamber for several hours. It was devel- 
oped at right angles to the first development with the solvent. When dry it was 
sprayed with benzidine reagent. The monomers of sucrose were identified as glucose 
and fructose by comparison with standards. Other sugars found in appreciable 
quantities were fructose, glucose and an unidentified reducing sugar; the percentage 
of ‘errors was from less than I* o/0 for glucose to’ 2.7 o/o for the unidentified sugar. 

rilSCUSSION 

The described method provided a simple procedure for quantitative sugar’ 
analysis of plants by paper chromatography with good reproducibility. The chromato- 
graphic solvent which was developed gave a ,good separation of sugars which was 
comparable to that by the ut-butanol-NH, (I o/o w/v) solvent of PARTRIDGE AND 
WESTALL~~. The percentage of recovery was go.8 for sucrose and 69.3 for glucose.’ 
SHALLENBERGER AND MOORES 11 found 93.7 o/o recovery of sugars in the 10-200 pg 
range. The high percentage of recovery of sugars from. paper chromatograms is 
because only I y. sugar was lost during chromatography due to lag or absorption 
between the original spot and the final spot (KOWKABANY AND HORDIS~~). Percent 
error of the present method varied from 1.G for ribose to 2.9 for glucose. This is in the 
order of the 2 o/o error of the Somogyi-Nelson copper calorimetric method. assessed 
by SEIU~~. : : I ._ 

Ion, exchange resins are commonly used for partial purification of sugar ex- 
tracts. WILLIAMS et aZ.23~24 studied the use of resins for this purpose and found :the 
resins were superior and more convenient than the old lead precipitation procedure, 
However, HULME~” warned against the use of strongly basic anion exchange resin, 
which may decompose, ,the sugar to lactic acid. Amberlite IR 45 (OH-) .adsorbed 
the organic acids which could be *eluted with ‘a volatile acid and were suitable for 
organic acid analysi s.l?owex 50 (EL-!) adsorbed the amino acids which could be eltited 
with IO.% ‘NH,OH and were suitable for amino acid analysis. Thus, this method of 
sugar analysis fitted into a general analysis of plant material. ‘.: _, 
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The method described in this paper could handle a large number of deterrnina- 
tions such as are often required in plant analysis. This facility was due in large part to 
the efficiency of the micro-elution tube. It allowed a small volume of eluent to be 
used for cpmplete elution which made possible the micro+olorimetric determination 
directly in the’ test tube. It eliminated certain problems of other elution procedures 
(DLMLER et aZ.rs), the problem of extraction (DUFF AND EA&cwoo’D~, WHISTLER AND 
HICKSON~ and DUBOB el! aZ.rO), and the blank correction (SEEALLENBERGER AND 
MOORE+) .The micro-elution tube unit could be used for the elution of other chrornato- 
graphed substances on paper, providing suitable eluent is used. It was easily con- 
structed from ordinary laboratory materials. 

SUMMARY 

A simple quantitative procedure for sugar analysis of plant materials by paper 
chromatography with good reproducibility is described. The alcoholic extract was 
partially purified by a tertiary solvent system and ion exchange resins and then 
paper chromatography with the following solvent : water-saturated +butanol, 95 y0 
ethanol and trichloroethylene (6: 2 : 2, v/v), The sugars were selected by a guide 
strip technique, and eluted from the “cut-out squares” of paper with ,3’ ml distilled 
water by, a micro:elution tube, here described. They’ were determined by a micro- 
calorimetric method. The method permitted 72 determinations to be done at one time. 
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