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Introduction

Historically, the detcrmination of raffinose by paper chrom-
atography was introduced by deWhallcy (4)* using the method
developed by N. Albon and D. Gross in the Tate and Lyle Re-
search Laboratories. Initial raflinose determinations were made
on raw bect sugars. Later, Brown (3) introduced an adaptation
of rhe original procedurc for the quantitative determination of
raffinose in beet root press juice. Modifications included deioniza-
tion of press juice before the sample was applied to the paper.
Quantitative evaluation ol raffinose concentration was accom-
plished by visual comparison with spots of known rallinose con-
centration. Kestose spots were noted but no attempt was made
to evaluate them quantitatively.

The method presented in this paper describes preparation
of press juice samples, evaluation and selection of an improved
solvent system and color indicator. Several different papers were
evaluated on the basis of component resolution within a specified
time. The quantitative determination of raffinose using optical
density measurements is described. Kestose is determined in-
directly by reference to standard raffinose concentrations.

Experimental Procedure

From 200 to 300 grams of representative rasped pulp is ob-
tained from the beet root in question. A 200-gram sample of
pulp is placed in a high speed Waring blender, 175 ml of deion-
ized water is added and the pulp is blended at high speed for a
period of 7 minutes. The pulp slurry is filtered through a tight
weave linen in a 10 cm Biichner Funnel under gentle vacuum.
Fifty ml of the fltrate is pipetted into a 100 ml Kholrausch flask,
2 to 5 ml of 55 brix basic lead acetate is added to the Kholrausch
flask. The flask is diluted to the mark with deionized water,
mixed by inverting several times and filtered through a Reeve
Angel No. 201, 8" X 8" square filter paper with a little celite
filter aid added. The clarified leaded hltrate, after dilution to a
standard sugar concentration, is applied to the chromatography
paper.
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The developing solvent is prepared by 1‘1’11){11’10‘ n-butanol,
glacial acetic acid and deionized water, (4 : : )) V/v in a
separatory funnel of suitable volume. After standing for 15
minutes, the bottom aqueous phase is discarded. The top organic
phase is used as the partition solvent. From a 22.5 X 18.5 in
shect of Schleicher and Schuell No. 2043-b, three 7.5 % 18.5 in
sheets of paper are cut. Machine direction of the paper should
correspond with solvent flow. The cut sheets are marked with
seven pencil dots 2.5 in from the edge at 1 in intervals. The
clarified leaded filtrate is adjusted to a standard 39, sucrose con-
centration by the following simple calculation:

I. (200 m.m. Pol. tube reading on leaded filtrate X 2.6 = 9,

sugar in solution)

(% Sugar in solution) X (10) The final volume an initial
30 = 10 ml portion of leaded
y filtrate must be diluted to.

A raffinose standard is prepared by weighing 48.0 mg of

anhydrous raffinose into a 100 ml volumetric flask and diluting

to the mark with delonized water at 20°C.

2.

Standards are spotted on the paper in the 1, 2, 4, 6 and 7 spot
marks. Positions 3 and 5 are reserved for the unknown raffinose
and kestose samples. A 2.5 microliter application of the standard
solution equals 0.29, raffinose on 20 microliters of a 39, sucrose
unknown solution. The following spot pattern is utilized: 0.29,
0.29,, unknown, 0.49,, unknown, 0 -6%, 0.6%. These seven
spots correspond to amounts of 2.5, 2.5, 20, 5, 20, 7.5, 7.5 micro-
liters respectively. Applications are made in 2.5 microliter in-
crements with a Micro Chemical Specialties Company 2.5 micro-
liter No. 282-A sclf-filling micropipet. Spots are allowed to dry
completely under a heat lamp between applications.

The finished sheets are placed in any standard chromatography
chamber in the descending or ascending position. Equilibration
of the sheets with the vapor phase in the cabinet is not necessary.
The development solvent is added to the troughs and the cabinet
is sealed. After 16 to 18 hours, the sheets are removed and dried
in a forced air hood for a two-hour period. Seven Il-inch strips
are cut from the length of the sheet, which include the five
standards and two unknowns. The strips are individually dipped
in a small shallow tray containing the color developer. The color
developer consists of 0.5 grams resorcinol and 15 grams trichlor-
acetic acid dissolved in 100 ml of anhydrous-ethyl acetate. The
strips are dried in a vertical hanging position for 30 minutes in
a forced air hood. The dried strips are heated in a forced air
drying oven at 110°C for 7 minutes.
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Figure 1.—A typical plotted scan pattern on an unknown run.

The developed strips are scanned immediately with a den-
sitometer, Photovolt Model No. 425, with attached high sensitiv-
ity galvonometer. A 490 millimicron narrow band glass filter is
used in the scanning head in conjunction with a 0.1 cm X 0.6 cm
light slit. Figure 1 shows a typical plotted scan pattern on an
unknown run. Maximum optical densities of the standards vs.
the log of the standard concentrations are plotted. Unknown
raffinose and kestose concentrations are determined from the
standard curves on each individual chromatography sheet (1).
This is necessary to compensate for small Rf. variations in dif-
ferent sheets. Kestose spots are evaluated on the raffinose standard
curve (6). The raffinose equivalents obtained are divided by a
factor of two which gives a true approximation of the percent
kestose on sucrose. Results are reported directly as percent raf-
finose or kestose on sugar.

Table 1.—Comparisons of eight replications with 0.2 and 0.4% raffinose on sucrose added.

1

2 - 3
Original Original
Original % Sample + 0.2% Sample 4 0.4%
Run No. Raff. on Sugar Raff. on Sugar Raff. on Sugar
1 0.15% 0.60 0.87
2 0.40 0.58 0.83
3 0.39 0.63 0.83
4 0.41 0.60 0.80
5 0.40 0.61 0.79
6 0.40 0.57 0.79
7 0.38 0.56 0.81
8 0.39 0.60 0.79
Average 0.400 0.594 0.814

Standard Deviation = 0.0228

Statistical comparison of the original juice samples in Columnl with results in Columns
2 and 3 and 3 minus added Raffinose shows no significant difference between results in
Columns 1, 2 and 3 at the 95% confidence level.
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Results

Table 1 shows 8 replications of a sample of beet root press
juice. Averages and standard deviation figures are given at the
0.2 and 0.49, raffinose on sugar addition Tevels. Unfmtunatcly,
there is no standard test known in the industry with which to
compare this determination. It is of interest to note that statistical
comparison of the original sample percent raffinose on sugar with
the values found in columns 2 and $ show no significant difference
at the 959, confidence level when they are corrected for the
amounts ol raffinose added to the original sample.

Discussion

Several factors contribute to the successful resolution and
quantitative evaluation of carbohydrate compounds in mixture.

Solvent: Three solvent systems were evaluated in conjunction
with this study They were n-butyl alcohol-pyridine- walel‘ benzene
{883 45, V/v), ethyl acetate-acetic acid-water (3 : 1: 3, V/v)
'md n- butyl alcohol-acetic acid-water (4 : 1 : 5, V.'v). I,mllmtmn
was based on an 18- to 20-hour run corresponding to an over-
night duration. Solvent system selection was based upon maxi-
mum resolution in the shortest possible spot run. Figure 1 in-
dicates that complete component resolution has been obtained
with a minimum of run from the starting line in the run time
specified. This is of particular importance because of the en-
largement of spots due to diffusion as run length increases (2).
Therefore, to obtain maximum optical density readings with a
standard light slit, it is necessary to resolve the carbohydrate mix-
ture in the shortest spot run length possible. Upon accomplishing
this, maximum sensitivity in the concentration determination is
assured. The latter solvent system listed was found to fulfill the
cited requirements.

Chromatography Paper: The following chromatography
papers were evaluated in this study. Whatman 1, 2; Schleicher
and Schuell 2040b, 2040a, 2045b, 2045a and 2043b. Papers were
evaluated on a basis of component resolution, spot deformation
and uniformity of paper density. Schleicher and Schuell 2043b
was selected as suitable for this determination. Whatman papers
1 and 2 were found unsuitable due to characteristic W. V and N
shaped raffinose and kestose spots. Quantitative evaluation of
spots displaying irregular shapes is not possible with a densito-
meter. Developed spots should be either circular or ovoid in
shape. Schleicher and Schuell 2043b displayed uniform ovoid
spots, good resolution and maximum variation in optical density
of =0.15 O.D. units. If blank densitometer readings can be main-
tained at zero optical density throughout the scan length of the



Vor. 12, No. 5, Aprir 1963 453

strip, then it can be assumed that the maximum optical density
readings on the spots are valid. Unfortunately, all papers suffer
from some variation in density. Variations from =0.10 to #0.25
optical density were noted in the papers evaluated.

Color Developer: A partial list of the more common carbo-
hydrate color reagents evaluated are included in this paper.
Aniline hydrogen phthalate, alpha-naphthol, m-phenylene
diamine, p-anisidine HCI, triphenyltetrazolium chloride, (used
after trichloracetic acid hydrolysis of raffinose and kestose), ben-
zidine, p-dimethylamino aniline, orcinol and resorcinol. Re-
sorcinol was the color reagent of choice. Selection was based on
background color produced and sensitivity. The resorcinol
reagent gave little or no background coloration and was sensitive
to as little as 1.5 micrograms of rafhinose. Developed colors pro-
duced were stable up to 1 hour. Faint spots may be easily detected
under ultraviolet light.

Raffinose and Kestose Quantitative Evaluation: The re-
sorcinol reagent reacts only with the fructose moiety in the raffi-
nose molecule. Tests performed with fructose, sucrose and raffi-
nose have proven that only the fructose moiety of the polysac-
charide is involved in quantitative color production. Kestose is
described by Freed et al (5) to be a trisaccharide composed of two
fructose molecules and one glucose molecule. This was verified
by isolating a very small quantity of kestose from actual press
juice, hydrolyzing and submitting the hydrolysis products to
paper chromatography. Complete hydrolysis yielded fructose and
glucose. Comparison of the hydrolysis products with known
glucose and fructose standards indicates a kestose molecular com-
position of two fructose molecules to one glucose molecule. It
1s therefore assumed that an indirect quantitative determination
of kestose can be obtained by dividing the raffinose equivalent
obtained from the standard raffinose curve by a factor of two.
Kestose is not available from any commercial source. In order
to estimate kestose it Is necessary to use indirect means rather
than a direct comparison with known standards.

Summary

An improved chromatographic procedure has been presented
for the determination of raffinose and kestose in beet root samples.
It has been found that deionization of sample juices in prepara-
tion for chronnt()draphy 1s unnecessary. Colloidal material
present in press juice must be removed by clarification. Organic
and inorganic cations and anions left after wet lead clarification
do not affect the resolution of carbohydrate mixtures. Use of
optical density to measure the concentration of carbohydrates in
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question decreases the human error predominate in quantitative
estimations based on the visual comparison method. Statistical
analyses indicate that the method presented shows excellent pre-
cision. Intercomparison of the results presented shows suitable
accuracy within the method itself.
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