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Résumé

Cette étude vise a estimer les sucres pour certaines variétés de dattes pour la zone
d’Eloued (El-ghares , Deglet Noor et Degla baydha) en utilisant des méthodes
chromatographiques.

Les résultats ont montré apres avoir calculé le rapport frontal ( Rg) de glucose (0,48),
le fructose (0,49), du saccharose (0,35) et de galactose (0,39),

Apres les variétés Re de dates étudiées compte (El-ghares , Deglet Nour et Degla
baydha) estimé a (0,47, 0,5, 0,46), respectivement, montrant que la El-ghares de classe
contient un pourcentage élevé de taux de glucose et de fructose moins que le saccharose et le
galactose, La classe Deglet Noor contient des rapports comparables de glucose et de fructose
et les rapports de moins de galactose et le saccharose et Dans la catégorie de Degla baydha il
a été constaté par un petit pourcentage de glucose et de fructose.

Les résultats ont également montré que la réduction des sucres a variétés de dattes a
étudié la proportion de (El-ghares , Deglet Noor et Degla baydha) estimeée (34,5%, 43,77%,
42,5%), et la proportion de sucres totaux a éte estimé (38%, 116,5%, 81,5%) respectivement.
Ou il est clair que la classe Deglet nour et leurs Degla baydha taux élevés de sucres totaux et
rendement par rapport a la classe d’” El-ghares.

Mots-clés: El-ghares , Deglet Noor , Degla baydha, Re
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Colorimetric Method for Determination of Sugars

and Related Substances

MICHEL DUBOIS, K. A. GILLES, J. K. HAMILTON, P. A. REBERS, and FRED SMITH

Division of Biochemistry, University of Minnesota, St. Paul, Minn.

Simple sugars, oligosaccharides, polysaccharides, and
their derivatives, including the methyl ethers with free
or potentially free reducing groups, give an orange-
vellow color when treated with phenol and concentrated
sulfurie acid. The reaction is sensitive and the color
is stable. By use of this phenol-sulfuric acid reaction,
a method has been developed to determine submicro
amounts of sugars and related substances. In conjunc-
tion with paper partition chromatography the method
is useful for the determination of the composition of
polysaccharides and their methyl derivatives.

OLORIMETRIC tests for reducing sugars and polysaccha-
A rides have been known for a considerable time. The rea-
gents such as I-naphthol (33) for carbohydrates in general;
benzidine for pentoses and uronic acids (27, 49, 560); naphtho-
resorcinol for uronic acids (51); and resorcinol (43), naphthore-
sorcinol (39), and resorcinol disulfonic acid (31) for ketoses are
well-known examples of colorimetric tests that may be carried
out in acid solution. Such tests as these and modifications of
them using aromatic amines and phenols (4, 22, 38) have re-
cently gained added importance since the extensive development
of partition chromatography for the separation and character-
ization of minute amounts of sugars and their derivatives (7, 4,
8, 11, 12, 17, 18, 21-23, 26, 36, 39, 47). Polyols and carbohy-
drates with a reducing group may be detected by the Tollens
silver reagent (39, 52), perhaps one of the best reagents in the
art of chromatography. Reducing sugars are also detectable
by picric acid (7, 17), 3,4-dinitrobenzoic acid (6), 3,5-dinitro-
salicylic acid (6, 32, 48), o-dinitrobenzene (17, 40), and methylene
blue (54), while diazouracil is said to be specific for sucrose as
well as oligosaccharides and polysaccharides containing the
sucrose residue (42).
Volumetric procedures involving the use of potassium ferri-
cyanide (19), ceric sulfate (45), copper sulfate
(16, 44), and sodium hypoiodite (20) are ap-

their glycosides, it is of limited use for methylated sugars and
the pentoses. Although butanol-propionic acid—water is an ex-
cellent solvent for separating the disaccharides (4), the residual
propionic acid interferes with the l-naphtholsulfonate method.
Aniline phthalate (38) and aniline trichloroacetate (17) have been
utilized for the colorimetric determination of sugars and their
derivatives (2, 3); these reagents, however, are unsatisfactory for
ketoses.

Phenol in the presence of sulfuric acid can be used for the
quantitative colorimetric microdetermination of sugars and
their methyl derivatives, oligosaccharides, and polysaccharides
(15). This method is particularly useful for the determination of
small quantities of sugars separated by paper partition chro-
matography with the phenol-water solvent and also for those
sugars separated with solvents which are volatile—e.g., butanol-
ethanol-water (39), ethyl acetate-acetic acid-water (26), or
methyl ethyl ketone-water (4, 39). The method is simple,
rapid, and sensitive, and gives reproducible results. The rea-
gent is inexpensive and stable, and a given solution requires only
one standard curve for each sugar. The color produced is
permanent and it is unnecessary to pay special attention to the
control of the conditions.

DETERMINATION OF CONCENTRATION OF PURE SUGAR
SOLUTIONS

Reagents and Apparatus. Sulfuric acid, reagent grade 95.5%,
conforming to ACS specifications, specific gravity 1.84.

Phenol, 809, by weight, prepared by adding 20 grams of glass-
distilled water to 80 grams of redistilled reagent grade phenol.
This mixture forms a water-white liquid that is readily pipetted.
Certain preparations have been known to remain water-white
after a years’ storage, while others turn a pale yellow in 3 or 4
months. The pale yvellow color that sometimes develops does not
interfere in the determination, inasmuch as a blank is included.

Coleman Junior, Evelyn, XKlett-Summerson, or Beckman
Model DU spectrophotometers. All were used with satisfactory
results in this investigation.

plicable to the determination of small amounts 1.20
of reducing sugars after separation by parti- F
tion chromatography. However, experience 100
shows that these methods require considerable w f
skill and are time-consuming and sensitive 2 sol-
to slight variation in the conditions. é |
The anthrone (18, 14, 28, 34, 35, 53) and 2 o
the 1-naphtholsulfonate (10) reagents are ex- < I
cellent for standard sugar solutions (34), but,
when applied to the analysis of sugars sepa- 4o
rated by partition chromatography, the pres- i
ence of only traces of residual solvent de- 20
veloper may render them useless. Most sugars r 2
can be separated on filter paper by a phenol- S éo %6 e o o slo —55—To F
water solvent (39), but they cannot then be MICROGRAMS OF SUGAR
determined by the anthrone reagent because Figure 1, Standard curves

residual phenol, held tenaciously in the paper,
interferes with the green color produced by the
anthrone reagent. Moreover, the anthrone
reagent is expensive and solutions of it in sul-
furic acid are not stable (30, 34). The anthrone
method also suffers from the disadvantage that,
while it is satisfactory for free sugars and

SopNmup w0

—

p-Xylose, Coleman Jr., 480 my, 17 mg. of phenol
p-Mannose, Beckman Model DU, 490 myu, 40 mg. of phenol
p-Mannose, Evelyn, filter No. 490, 40 mg. of phenol
p-Galactose, Coleman Jr., 490 mpu, 33 mg. of phenol
L-Arabinose, Coleman Jr., 480 mu, 17 mg. of phenol
p-Galacturonic acid, Coleman Jr., 483 my, 17 mg. of phenol

L-Fucose, Coleman Jr., 480 mg, 40 mg. of phenol

p-Glucurone, Coleman Jr., 485 my, 17 mg. of phenol

2,3,4,6-Tetra-o-methyl-p-glucose, Coleman Jr., 485 mp, 17 mg. of phenol
p-Glucose, Beckman Model DU, 490 my, 100 mg. of phenol
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A Colorimetric Method for the
Determination of Sugars

VOoLUMETRIC procedures have been used for the
quantitative determination of sugars after separation
by partition chromatography®2. It has been our
experience that these methods not only require con-
siderable skill, but also they are lengthy and sensitive
to slight variation of the conditions. We have there-
fore attempted to develop a simple quantitative
colorimetric procedure. . Preliminary experiments
showed that the anthrone® and the «-naphthol sul-
phonate! reagents give good results with pure sugar
solutions, but the presence of only traces of solvents
such as butanol, phenol and propionic acid used in the
chromatographic separation of the sugars rendered
them useless. N

It was then discovered that phenol itself in the
presence of sulphuric acid provides a simple rapid
method for the quantitative colorimetric determina-
tion of ketoses and aldoses and their methyl deriva-
tives on a sub-micro scale. The method, applicable
to all carbohydrates with either a free or potential
reducing group, is particularly useful for determining
sugars which have been separated by partition
chromatography using phenol-water as the solvent.
The orange-yellow colour, produced by adding
sulpbhuric acid (5 ml.) to the sugar solution (2 ml.)
containing phenol, is permanent ; its optical density
(measured at 490 mp for hexoses and hexuronic acids
and their derivatives and at 475 mp for pentoses and
their derivatives) when referred to a standard curve
gives the concentration of the sugar.

This phenol-sulphuric acid reagent, which has
enabled us to determine the composition of poly-
saccharides and their methyl derivatives on as little
as 1 mgm. of material, thus offers an additional
method for end-group analysis of polysaccharides®.
The reaction is not limited to phenol, for certain
amines such as N(l-naphthyl) ethylene diamine can
replace phenol in the above reaction.

In conjunction with the above colorimetric method,
it has been found convenient to extract the sugars
from the strips of paper cut from the chromatogram
by simply immersing them in water. Since the
extraction is carried out at room temperature, there
is no danger of decomposing the sugars®. Substances
in filter paper which interfere with the sugar analysis
can be largely removed by three or four ‘chromato-
graphic’ washings with water ; washing with dilute
gsodium hydroxide does not seem to improve the paper.

Further details of this work-and its application to
the determination of the structure of various poly-
saccharides will appear elsewhere.

M. DuBois

K. GiLLES

J. K. HAMiLTON
P. A. REBERS
F. SmiteH

Division of Agricultural Biochemistry,
University of Minnesota,
St. Paul, Minnesota.
Feb. 20.
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A New Paper Chromatography Solvent for
Amino-Acids

PaeExorL and collidine have remained the most
widely used pair of solvents for two-dimensional paper
chromatography of amino.acids since their intro-
duction by Consden, Gordon and Martin'. The use
of the latter solvent, however, is attended by certain
disadvantages such as double spots and haloes?, an
offensive smell and possible toxic effects®* and, in
some countries, difficulty of supply. Alternative
solvents have been suggested, for example, butanol —
acetic acid®, acetone — water* and pyridine — amyl
alcohol®. Some defects of the latter system have
recently been reported?.

A new solvent giving an extremely wide distribution
of Ry values is mesityl oxide, which has already been
mentioned as a possible solvent for the paper partition
chromatography of organic acids®. The difficulty
encountered by Lugg and Overell3, namely, the con-
densation of the solvent in the presence of formic
acid, has been obviated by the use of re-distilled and
fractionated solvent®. Because of the tendency to
form peroxides on prolonged storage in contact with
air, each batth of solvent should be tested for their
presence before distillation. The fractionated solvent
(b.p. 129-130°) alone does not give any movement
of amino-acids; but the acid spots move when formic
acid is added to the solvent system. The method
of preparation of the most desirable mobile phase
is to shake one volume of the solvent with one volume
of formic acid (85 per cent) and two volumes of water.
Ry values for the amino-acids in such a solvent are
listed in the adcompanying table, from which it can
be seen that the spread of values is considerably
higher than with collidine, and indeed almost as high
as with phenol. An additional advantage with this
solvent is its rapidity of migration, the solvent
ascending about 50 em. in twenty hours on Whatman
No. 1 paper.

RF VALUES OF AMINO-ACIDS

Amino-acid RrF Amino-acid Rr
Alanine 0-35 Methionine 0-61
Arginine* 0-19 norValine 0-58
Aspartie acid 0-17 Ornithinef 0-08
Cystine 006 Phenylalanine 072
Glutamic acid 0-20 Proline 0-39
Glycine 0-22 Serine 0-20
Histidine 0-07 Threonine 0-26
isoLeucine 070 Tryptophane 081
Leucine 071 Tyrosine 0-63
Lysine 0-23 Valine 0-58

* Applied as monohydrochloride. 1 Applied as hydrobromide.

The tendency for mesityl oxide gradually to oxidize
and polymerize on standing, with the formation of
coloured substances, has been especially noticed in
the acidified mobile phase, which after several days
may develop a slight orange coloration. This difficulty
has been avoided by making up small volumes of
the mobile phase just prior to use and discarding
any residual solvent after about two days. By this
means an exceedingly high degree of reproduecibility
in Ry values has been obtained. Our usual practice
is to allow the paper to become equilibrated thoroughly
in the vapours of the stationary phase before intro-
ducing the mobile phage. The paper may be quickly
and satisfactorily air-dried. Heating of the ninhydrin-
sprayed sheet then brings up the spots in their char-
acteristic colours. As with carboxylic acids, spots

© 1951 Nature Publishing Group
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Colorimetric Method for Determination of Sugars

and Related Substances

MICHEL DUBOIS, K. A, GILLES, J. K. HAMILTON, P. A. REBERS, and FRED SMITH
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Simple sugars, oli harid | harides, and
their derivatives, including the methyl ethers with free
or potentially free reducing groups, give an orange-
vellow color when treated with phenol and concentrated
sulfuric acid. The reaction is sensitive and the color
is stable. By use of this phenol-sulfuric acid reaction,
a method has been ped to i binis

amounts of sugars and related substances. In conjune-
tion with paper partition chromatography the method
is useful for the d ion of the of

¥ of a, St. Paul, Minn.

their glyeosides, it is of limited use for methyluted sugars and
the penteses.  Although butanol-propionic acid-water is an ex-
cellent solvent for separsting the disaccharides (£}, the residual
propionie acid interferes with the l-naphtholsulfonate method,
Aniline phthalate {38) snd aniline trichloroacetate (17) have haen
utilized for the colorimetric determination of sugars and their
derivatives (2, these reagents, however, are unsatisipetory for
ketoses,

Phenol in the presence of sulfuric acid can be used for the

polyvsaccharides and their methyl derivatives,

QLORIMETRIC tests for reducing sugars and polysaccha-

A rides have been known for o considerable time. The rea-
gonts such as l-naphthol (33) for carbohvdrates in general;
benzidine for pentoses and wronie acids (£7, 46, 50); naphtho-
resarcinol for urenic acids (51); and resorcinel (43), naphthores
soreinol (8¢, and resorcinel disulfonic seid (51) for ketoscs are
well-known examples of colorimetric tests that may be curried
out in acid solution. Such tests ne these and modifications of
them using aromatic amines and phenols (4, 22, 35) have re-
cently gained added importance since the extensive development
of partition chrometegraphy for the ssparation and charaeters
ization of minute amounts of sugars and their derivatives {1, 4,
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drates with a reducing group may be detected by the Tollens
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evanide (16), cerie sulfnte (45), coppor sulfate

colorimetric  microdetermination of sugars and
their methyl derivatives, oligosaccharides, and polysaceharides
(14). Thiz method is particularly useful for the determination of
small quantities of sugars separated by puper partition chro-
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sugars separated with solvents which are volatile—e.g., butanol
ethanol-water {35), ethyl neetate-acetic acid-water {(26), or
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gent is inexpensive and stable, and & given solution requires only
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DETERMINATION OF CONCENTRATION OF PURE SUGAR
SOLUTIONS

Reagents and Apparatus, Sulfuric acid, reagent grade 9555,
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Phenol, 809 by weight, prepand by adding 20 grams of glass-
distilled water to 80 grame of redistilied reagent grade phenal.
“This mixture forms a water-white liguid that is readily pipette
Certain preporations have besn Known to remain water-white
after 4 vears" stoenge, while others turn a pale vellow in 3 or 4
months, The pale vellow color that sometimes develops does not
interfere in the determinution, inssmuch as a blank is included,
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results in this investigation,
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skill and are time-corsumi
to slight varistion in the conditions,
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cellent for standard sugar solutions {35), but,
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water solvent (35, bur they cannot then be
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Figure 1.  Standard curves
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