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SUMMAR

A method for the determination of p-mannose, D-glucose and b-galactose is
described for commercizally available giass thin-fayer plates. The silica gel GF layer
on the plates was activated by a combination of heating and treatment with sodium
bisulphite and a citrate—phosphate buffer. Plates were developed twice with an
acetone—i-butanol-water (33:48:7) mixture, with heat treatment between develop-
meats. Spots were colored by treatment with ceric sulphate and subsequent charring,
and quantitative analysis was made with a densitometer. The time required for analy-
sis of one plate (5 samples) was 3 h, and standard errors of estimate were 2.89,, 3.6 9
and 5.6 9 for the three sugars, respectively, for 16 replicates at levels of up to 20.3 g/i
mannose, 8.0 g/t giucose and 4.5 g/i galactose.

NTRODUCTION

The polysaccharide portion of Waste Sulphite Liquor (WSL} from the pulp
nd paper industry contains D-mannose, D-glucose and D-galactose as the main hexose
omponents® which are fermentable to alcohol and yeast®. A fast, sensitive and specific
aethod of analysis is necessary if the concentration of all components is to be followed
‘uring the course of reaction. For this reason the thin-layer chromatographic (FLC)
ethod described in this work was developed. It has been used in an engineering study
y analyze these three hexoses in over 25 fermentation runs® in which an average of
3 samples was taken for each run and analyzed in duplicate or triplicate.
Manv TLC methods for the separation of sugars have appeared since the
ubjication of Stah! and Kaltenbach® in 1961. Recent publications®® give qualitaﬁve
. ad quantitative methods for carbohydr-ates, and books®** and reviews'*"'¢ also give
" LC methods for carbohydrates.
The TLC method described here is a new analytical method for the quantitative
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determination of p-mannose {mannose), D-glucose (glucose) and p-galactose (galact'ose}
in water solution. It is an improvement on existing methods using a commercially
available pre-coated giass plate. The improvement involves activa_ting the s‘xkca gei
GF245 laver by drying, spraying with @.1 M sodium bisulphite, drying, spraying with
citrate-phosphate buffer (pH 4}, and drying before use. Another modification was
the use of a second development, after drying under a stream of air, to ensure the best
separation. The developing solution suggested by other authors®’, acetone—zz-buta_rm[—
water (5:4:1), was modified to the ratio 533:40:7. Finally, a syringe was used with z
c~mmercial spotter to obtain controlled diameter and density spots.

Scanning of the developed and charred chromatograms was done horizontally
using a densitometer.

EXPERIMENTAL

Apparatis

The densitometer was a Kontes Glass Company Chromafiex K-49500 with a
photographic filter (Photar, ND. 6 series 4} on the light source. The unit was operated
in the filtered, visible-light, reflectance mode at a scanning speed of 10 cm/min and an
attenuation of 200. It was connected to a Fisher Recordal recorder with a 10 mV span
and chart speed of 5 in./min.

A Kontes K-416330 Chromafiex spotter with an air-flow regulator was used,
together with 2 Hamilton 10-g! syringe (No. 701). Glass plates pre-coated with 250
fem of silica gel GF, size 20 X 20 cm, supplied by Fisher Scientific (Pittsburgh, Pa.,
11.S.A.) (Cat. No. 6-601A), and 1wo Gelman (Aan Arbor, Mich., U.§8.A.) developing
chromatography chambers (Model 51325-1), supplied by Fisher were used. The con-
ditioning and buffering chemicals were sprayed with a2 Spratool Aerosol (No. 15-233).
The ceric suiphare powder was supplied by BDH (Toronto, Canada}, The phosphate-
citrate buffer was from Fisher Scientific (Cat. No. SGO-P-82).

Analysis

Quantitative TLC analysis was performed on 20 x 20 cm glass plates pre-
coared with silica gel GF245 (layer thickness 230 um). The plates were activated and
butfered before use. The plate was held for I h in tHe oven at 116°, and then sprayed
with 0.1 ¥ sodium bisulphite solution and dried at 110° for 10 min. The plate was
then sprayed with the citrate-phosphate buffer (pH 4) and kept in the oven at 11(°
for 30 min. It was transferred to a desiccator until required.

The pilate was lined up and a 5-¢i sample was spotted. Four samples were plac: d
on each plate together with a standard sample (spotted in the middle}. To get the ¢ -
sired spot of controlled diameter and density, a sample was taken with the syrin e
which was then inserted in the glass tube of the Chromafiex spotter. This support d
the syringe and dirccted the needle to the surface of the plate through the guide ho':s
of the manifold. The manifold had 6 spotting positions, and each position consist d
of a guide hole for the needle and 4 holes spaced evenly around 360° for directing t 1€
inert gas {nitrogen} uniformly arcund the needle and on to the surface of the th: 1-
layer plate. The velocity of the gas flow through the manifoid (0.5 I/min) regulat d
the size of the origin spot. The distance from the manifold to the plate surface (6 m: 1}
was reguiated by slide-guide and lock nuts.
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With the plate in position and constant gas flow, the syringe was introduced
in its guide so that the needle just touched the plate surface: the syringe plunger was
then pushed dewn slowly at a constant speed, and the solution was spotted onto the
thin-fayer plate in a uniform manner.

The plate was developed at 25° with acetone-s-butanol-water mixture
(53:40:7} in a saturated Gelman chromatographic chamber., The distance run was
I5cm and the elution time 55 min. After drying under a stream of air, a second
development was made with the same conditions to ensure best separation.

The plates were dried in a stream of air, and sprayed with an acid solution of
I g ceric sulphate dissolved in 100 mi of 109 sulphuric acid solution in watsr. [t was
important to use a uniform spray for best results. The plate was then heated at 110°
for 15 min to char the sugars.

~ Quantitative measurements were made with the Kontes densitometer.
Measurements were made by scanning the plate horizontally across columns: ie.,
all mannose spots were scanned on one pass, all glucose spots were scanned on the
next, etc. The scanning was made twice and the average peak height was compared
to known sugar concentrations to give calibration curves. Scanning could also be
performed vertically, i.e., the mannose, then the glucose and then the galactose spot
could be scanned in order, to produce another set of calibration curves. However,
vertical scanning had the disadvantage that the peaks became 2 multiple peak instead
of three separate peaks and there was loss of accuracy.

RESULTS AND DISCUSSION

A schematic diagram of a chromatographic plate is given in Fig. I, which
shows the arrangement of the spots and the computation of Ry. Typical Ry values
were (.59, 0.50 and 0.41 for mannose, glucose, and galactose, respectively. The spots
typically were 0.8-1.1 cm in length (parallel to flow), which required separations of
over ! cm, or B values which differed by more than 0.07 for the 13.6-cm solvent front.
The spots widths were typicaily 0.7-1.0 em, and five samples, or Gve spots, were run
on each plate. Within the limits of overlap and edge effects, up to seven samples could
have been run per plate; in this work, the number of sampies on each 20 X 20cm
nlate was limited by the spotter design.
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i g 1. Schematic dizgram of chromatographic plate. Rr = a/b.
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Wine and BeMiller® and Anderson and Stoddart® reported Re values for the
analysis ofumaaaose, glucose and galactose in mixtures of other s.ugars. These are
siven in Table I, and are for various irrigation solvent systems and thin-layer materials
;nd methods. Most of the combinations give good separation of two of tf{e three
sugars, so that we couid have selected two sets of conditions and run two thin-layer
analyses for each sample. However. because of the large pumber Of. samples, we at-
tempted to find a methed which would give good separation of the three com;_:otmds
on one plate. Mannose differs from glucose in that it hasan axial 2-OH group instead
of an e;;uatorlai 2-OH eroup in its pyranose chair formation, and galactose has an
axial 4-OH group compared tc an equatorial 4-OH group for giucose: Superficial
analysis of structure might suggest that the compounds would elute in the order
salactose—glucose-manncse, or mannose-glucose—galactose, since the first and Iast
compounds are the least alike, and ail have identical molecular weights. Far both of
Anderson znd Stoddart’s® analyses, the order of elution was mannose-glucose—
galactose (highest to Iowest R value). This order was found in nine out of fourteen
of the analysis methods of Winz and BeMilier®, and in the other five analysis methods,
where the order was cither glucose-mannose-galactose or mannocse—galactose—
glucose, the Ry values were too close for quantitative analysis of the three together.
This information helped in our search for a good quantitative method, in that if the
order of elution for a particular sofvent or plate preparation was not mannose-
glucose—galactose we did not attempt further improvements.

Early experiments showed that the commercial plates would have to be treated
to make them more selective. afier trying many solvent systems in various proportions
{Table I} with silica gel G, silica zel GF, and cellulose MN, and with these layers
with various buffer solutions!! such as 0.02 M sodium acetate, 0.62 and 0.1 M boric

TABLE R
LITERATURE Rr VALUES FOR MANNGSE, GLUCOSE AND GALACTOSE

Thin-layer marerici  Rr values Reference

Mannose Glucose Galactose

Polycarbonate 0.3t 0.i8 .13 8
Silica gel .43 0.21 d.32 8
Silica get .41 $.28 3.32 6
Siiica gt 0.60 0.61 3.53 6
Silica gzl 0.57 0.47 8.47 6
Silica gel .53 0.28 0.3¢ 6
Celiulose 0.23 a.19 Q.17 8
Silicz ga! g4 0.48 5.40 G
Silica gel g.1g 813 0.12 6
Siiica gel .29 0.21 8.17 6
Silica gel 0.60 0.48 8.40 6
Silica gel 0.26 0.20 Q.18 6
Silica gal 045 G.41 8.41 é
Silica get 0.23 0.29 2.17 6
Sitica gel G.52 a.54 0.40 &
Celtulose 0.306 .25 0.21 6
Sifica gaf a.46 .41 . 036 17
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TABLEIL .
SOLVENTS TRIED IN TLC OF ASOLUTION OF MANNOSE, GLUCOSE AND GALACTOSE

Mixture Compasitior: (viv})  Reference
Ethyl acstate—65 % isopropanol 65:35 11
Methanolchloroform-acetone-conc. ammonium hvdroxide 42:16.5:25:16.5 131
1-Butanol-acetic acid-ether—water 9:6:3:1 6
Ethyl acetate-acetic acid-methanocl-water 12:3:3:2 &
1-Propanol—water 17:3 6
Acetone-methano! o:4 131
Ethyl acetate-methanol-water 37:4G:33 7
Ethy! acetate-pyridine—water 40:20:40 131
10G:35:25 7
Chloroform—acetone-935 9 ethanol 38:38:24 133
Chloroform—methanot 20:10 &
Chloroform-96 ¢ ethanol 5:4 7
n-Butanocl-acetone—watar 4:5:1 8
n-Butanocl-acetic acid-water 4:1:4 8

acid, 0.02 Af sodium borate, sodium phosphate (pH 35), and 0.1 M sodium bisulphite.
During these trials, however, it became apparent that the best solvent system was a
mixture of acetone, r-butanol and water, with which Prey ef al.!” found R values as
in Table 1, last line. Using this sclvent system, the above buffers and a citrate-
phosphate buffer (pH 4, commercially available) were tried in combinations. It was
found that a marked improvement was made when the plate was first dried, then
sprayed with 0.1 M sodium bisuiphite, dried, and then sprayed with the citrate—
phosphate buffer. From this point the proporticns of acetone, n-butanotf and water
were optimized, and the method further improved by double resolution in the same
direction.
election of the developing sclution for the sugars was based on the nature of
the thin layer and the binder. As an inorganic layer and binder were used here, a
mixture of sulphuric acid and ceric sulphate in water was employed to char the organic
rugar spots'®. Good results were obtained with this method which produced dark
spots on a white background.
A horizontal scan of a TLC plate is given in Fig. 2 for a fermentation run in
- ‘hich the three sugars were removed from solution with time. A standard containing
. 2.8 g/l mannose, 8.0 g/i clucose and 4.5 g/l galactose was spotted in position 3. The
- rmentation broth of the same composition was sampled after a few minutes (spot
5, and then at I-h intervals (spots 2, 4 and 5). The peak height was measured from the
- id-point of the base of the triangle formed from the peak and the shifting baseline.
" he peak heights were translated into concentrations using a calibration curve as in
Tig. 3. This curve was obtained from TLC plates of sugar solutions of known con-
¢ :ntrations. Fig. 3 was prepared for sugar concentrations up to 20.8 ¢/l mannose, 8.0
¢ I glucose and 4.5 g/l galactose, and was derived from samples of pure sugars in
< :stilled water and in the fermentation broth. Horizontal scans only were used in its
i ‘eparation. Standard errors for the three sugars were re<pect1\eeiy 2.8,3.6and 5.6%,
‘ ‘ing and BeMiller” gave standard errors of 3.1-179; for monosaccharides in corn
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Fig. 2. Horizontai TL.C scan. Position 3 has analysis 20.8 g/l mannose, 8.6 g/t glucose and 4.5¢/t
gzlactose.

Fig. 3. Calibration curve for horizontal scanning of chromatogram. O, Galactose; 1, glucose:
/s, MANAOSE.

a0/

syrups from 40.8 9/ down to 7.3 %, by weight, the higherstandard error being associated
with the lowest percentage monosaccharide.

Vertical scanning has been discussed previously. A vertical scan for sugar
solutions of known concentration is given in Fig. 4. Calibration curves prepared from
this type of scan did not pass through zero and are not consistent. Accordingly, only
horizontal scanning was used.
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Fig. 4. Vertical scanning. On each scan the ordsr is mannose~gluccse-galactose from right to left
Composit"o‘z for the five scans ia g/l in the order mannose-glucose-galactose was: (1) 21, 0.3: (2
16, 2, 1.2; (3} 8, 8, 1.8; (&) 4, 9, 2.4; {5) 208, 10, 3.
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A test for reproducibility, after the calibration curves had been established,
save recoveries of 100 = 577 in 25 analyses with all three sugars present. The time
1 :quired for this analvsls was 3 h with plates prepared prevxous!y. Four Sdmples plus

. standard could be run, and two nlates could ke ha irriTia mar . o
all COouats UL tuii, allG tWo piates Couid oe handled sLLuundE}.cuusi\ Fora

« ymplete fermentation run, all samples could be analysed in one day.
¢ ONCLUSIONS

A method has been developed for conditioning and devel ping 2 standard

- LC plate so that mannose, glucose and galactose could be separated and quantita-
t:vely analysed. This method includes a double elution, with drying between elutions,
aad a system of buffering the commercially available silica gel thin layer.

‘A uniform and reproducible method of spotting was developed using a hypo-
dermic syringe tc measure the sample volume, and the Kontes Chromafiex spotter to
ensure uniform appiication.
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