
SUMMARY 

A method for the determinatioo of 5-mannose, D-gkcose and D-galactose is 
described for commerciaHy avaiIable @ass thin-layer plates. The silica ge1 GF layer 
on the p&es was activated by a combination of heating and treatment with sodium 
bistiphite and a citrate-phosphate buffer. Ptates were developed twice with an 
acetone-+butanot-water (53 :4U:7) mixture, with heat treatment between develop- 
ments. 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 2.8 %, 3.6 7; 
and 5.6 p0 far the three sugzm, respectively, for 10 replicates at levels of up to 20.3 ,o/r 
mannose, 8.0 g/!I gkcose and 4.5 g/i galactose. 

INTRODUCFION 

The polysaccharide portion of Waste SuIphite Liquor (WSL) from the pulp 
:nd paper industry contains D-mannose, D-, &~ose sod D-g&actose as the main hexose 
omponet& which are fermentable to afcohol and yeastZ. A fast, sensitive and specific 
qethod of analysis is necessary if the concentration of&l components is to be fokwed 
-ting the course of reaction_ For this reason the thin-Iayer chramatographic (TLC) 
lethod described in this work was developed. It has been used in an engineerin,o strrdy 
1 anaIyze these three hexoses in over 25 fermentation runs3 in lvhich an average of 
*> samples was taken for each run and anaIyzed in dupkate or tripkate. 

~Many TLC methads for the separation of sugars have appeared since the 
&&&on of StaM aad Kaltenbach” in f961. Recent pUbkations5-S give quaritative 

i xi quant&&ue m&xxi~ for carbohyd-atees, and booksg-‘G and reviev@*‘” also give 
. LC methods for carbohydrates. 

The TLC m&od des&bed here is a new anaiyticai method for the quantitative 



deteiminatien of D-mamxxe(ma&xxe), wglucose (gfucose) and D-gaIaCtose (&actose) 
in water sofution. it is an bq$xxxnent cm existing methods using a commercially 

availabIe pre-coated glass plate. The imprcrvem& Involves activating the silica ge1 
GE245 layer by drying, spr&ing with 0.1 M sodium bisulpkite, drying? spray@ with 
citrate-$msphate bnEer (pK 4~), and dryin, o before use. Another modification was 

tke x3se~of a second development, after drying under a stream of air, to ensure the best 
separation. The deyetoping s&tZop, suggested by other authors”, ac&one+i-bMansl- 
water (5:4:E), was modified to LtY i-p ratio 53:@:7. FinalIy, a syringe was used with 2 
c?mmerciat spotter to obtain controlled diameter and density spots. 

Scanning of the developed 2d charred chromatograms was done k~orizontat1~ 
using a densitometer. 

EXPERfMENFAL 

The densirometer was a Kontes Cilass Cc-mpany Ckromaflex K-49500 with a 
pkato,sraphic filter (Pfrotar, ND. 6 series 3) on tire light sowce. The unit Was operated 
In tke filtered, visible-Ii@, refiectance mode at a scanning speed of 10 CM/Min and an 
attenuatioA of200. It was connected to a Fisher Recordai recorder witk a tO mV span 
and chart speed of 5 in.jmin. 

A Kontes K-416330 CkromaRex spotter with an air-flow regulator was used, 
to,oetker witk a Hamifton EO-& syringe (ND. 701). Glass plates pre-coated with 250 

pm of sika gel GF, size 20 x 20 CM, supplied by Fisher Scientific (Pittsburgk, Pa.. 
U.S.A.) (Cat. No. WOEA), and fwu Gel,_.= m-n (Ann Arbor, h&k., USA) developing 
ckromatograpky ckambers (MadeE 313X-11, supplied by Fisher were used. The con- 
ditioning aod bu~erin~ cheticals were sprayed with ;r Spratoof Aercxol (No. 15-233). 
The ceric sulpkare powder was supplied by BDK (Toronto. Canada], Tke phospha:e- 
citrate buffer was from Fisher Sciendfic (at. No. SO-P-82). 

Quantitative TEC analysis iVaS performed 0Ei 20 X 20cm ,$ass plates p- 

fxxed with silk2 gel 6X2245 (Izyer thickr,ess 250,~mf. The pi&es were as&axl and 
bugered before use. The plate was held for I k in ttie oven at I IO”, and then sprayed 

with 0.1 i%f sodium btsulphite solu:iori 2nd dried at iI0" far 10min. The ptate kizs 

then sprayed v&h the citrate-phospkate buffer (pK 4) and kepii in the oven at I I C-” 
fGr 30 min. It was transfe‘eL?-2d to a desiccator until reqiiired. 

Tke pfate was Iined up and a 5-pi sample was spotted. FGLK samples were pfacc d 
on each pIa*&? together with a standard sample (spotted in the middle). Ta get the C; :- 
sired swt of controlied diameter and density, a sample was taken wirk the syrin e 
which -was tkeri inserted in the @ass mbe of the cliromaflex spotter. TEris suppxt d 
the syriinge and directed the needle to the surface of the plate tfrrougk tke guide hi: zs 

of the m&foId. The m&fuId kad 6 spotting positions, and eack position consist d 
of a guide h01e for the needle and 4 k&s spaced evenly around 360” for directing t E 

inert gas <nitrqeB) uniformfy around the needle and on to tfie surface of tke tk~ I- 
faYer #ate. me ve&itS_ of tke gas fiow rkrougk the manif&d (0.5 Ijmin) regu& d 
tke size of tke or@n spar. ne distance from the ma&&id t-0 tke plate sufface (6 ml I) 
wits repiafed by slide-guide and twk nrrts. 
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With the plate in position and constant gas Bow, the syringe was introduced 
in its guide SO that the needle just touched the plate surface; the syringe pfunger was 
thm pushed dcxm sIowly at a constant speed, and the solution was spotted onto the 
thin-layer plate in a uniform manner. 

The plate was developed at 25’ with acetone-lz-butanolater mixture 
(53:40:7) ic a saturated GeEman chromatographic chamber. The distaace run was 
25 cm and the elution time 5.5 min. After drying under a stream of air, a second 
deYeEopmei?t was made tvith the same conditions to ensure best separation. 

The plates were dried in a stream of air, and sprayed with an acid solution of 
f g ceric sulphate dissolved in 100 ml of 10 “/, sulphuric acid solution iti water. It was 
important to use a uniform spray for best results. The plate was then heated at I LO” 
for 15 tin to char the sugars. 

Quantitative measurements were made with the Kontes densitometer. 
Me&urements were Made by scanning the plate horizontally across columns: Le., 
all mannose spots were scanned on one pass, alI glucose spots were scanned on the 
next, etc. The scanning was made twice and the average peak height was compared 
to known sugar concentratiorrs to give calibration curves. Scanning could atso be 
performed vertica$fy, 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 a muftiple peak instead 
of three separate peaks and there was toss of accuracy. 

RESULTS AND DISCtiSSEON 

A schematic diagram of a chromato,gaphic plate is given in Fig. I, Lyhich 
shows the arrangement of the spots and the comprrtation of R,. Typical RF values 
were 0.59,0.50 and 0.41 for mannose, glucose, and galactose, respectively. The spots 
typic&y were 0.8-l .I cm in length @araIfel to flow), which required separations of 
over f cm, or RF vahes which differed by more than 0.07 for the 13.6-cm soIvenr front. 
The spots widths were typically 0.7-1.0 cm, and five samples, or five spots, were run 
on each plate. Within the Emits of overlap and edge effects, up to seven samples could 
have been run per plate; in this work, the number of sampfes on each 20 x 20 cm 
plate was limited by the spotter design. 



4s B_ 3. FRLEEN, G. ‘pENE4’JLT, H. Lou-i?FI: 

Wing and Be&WeP and Anderson and Stoddai@ repo*d RF ~&~es for the 
anaIysis of mannose, @ucuse ad gakctas- P in mixtures of &her SUgm. These are 

~~veRiRTableI,2Rda~~farvariousirti~2tioRso~vent sj/~temsandthin-f~~ermaterials 
2nd medxds. Most of the combinations give good separation of two of the three 
wgars, so Ehzt we corrld have selected two sets of conditiion~ 2nd ~III ~5 m-lver 
zfnafyses for each sample. However, because of the large number of sampfeh we at- 
tempted to find z Methad W~~CO worrfd give g5od separztion of the the c5mp5unds 
oil cifIe p&te. Mzmmse dif&rs from glircfxe in that it has an axial Z-OH SoUp instead 
of 2R equ2toti2f XX3 group in its F_"raRaSe &air forMath, and gafact5se fias an 

tizl 4-OH gotrp cr?mpared t~2 a3 equatoriaf 4-OH goup far &c=e- SuperfidaI 
znafysis of structure might SU,,~_ oo~t t&t the cornpouR& wouId eIute in the order 

~aiacto~-gtucose-manncse, OF m2RRose-g~r?cose-g2I2ctose, Since the first and tsst 
compounds are tEze least alike, 2nd 211 have identical mofeccular weights. Far both of 
hderSoR aRd Stodd2rt'ss analyses, tie order of eEutioR \v2S mannose-&cuse- 

galactose (highest to Iowest, & vdue). This order via.- = found in nine out of fourteen 

@f’&e analysis methods 0fWiR~aRd BehfilieP, 2Rdi~tfreatfrerfive2R2fySlS methOdS, 

wfiere the order x-5 either glucose-maonose-gafactose or mzmcse-gdactose- 

&cose, the R, vafues were too dose for quantitative znaEysis of the three together. 
This info&&ion helped iR ozr sex& for a goad quantitative method, in that if the 
order of elurion for in particular solvent or plate preparation wzis Rot mannose- 

gfucose-&dose -%e did IIOE attempt further impravements. 
Early expetimeRtsshowedtha~thecommerci2fpl2tes would baveto be treated 

to makethem more~el~tive.2frert~IngmaRysoEveRtsyste_msinv2riauspFop~rtioRS 
fTabk EIj with silica geel 6, sika geE GF, and cAtrrIose MN, and with these Iayers 
with vtious b&Te~ soIutloRs~~ swh 2s 0.02 fW sodium acetate, 0.02 aad 0.1 M boric 



-FABLE II 

SOLVENTSTEW fN ‘-llC OFASOLtiTKm OF MANXOSE, GLUCOSE AND GALAaOSE 

Mkfur& Con;posz-tion (Y/V) Refereme 
-- 

Ethyl ac&zte-65 % isopropanol 65:35 11 
Meth2Eo~-cfiloroform-2~tone-conc. ammonium hydro?;ide 4~:!6.5:z5:16.5 11 
l-Butauol-xetic 2cid-ethercwater 9:6:3:I 6 
Ed@ acetate-xetic acid-metharro&water 13:3:3:2 6 
I-Propanol-water IT:3 6 
Acetone-methanol 9:4 6 
Ethyl acetate-methanoI-water 37:40333 7 
Ethyl acet2te-pltidine-water 4O:ta:40 II 

LOO:35:25 7 
Chloroform-acetone-93 % ethanol 38:38:24 II 
Chlorofo_Lm-fn eth2aol 9O:IO 0 
~oroform-96 % e&ma’, 5:4 7 
&%_Ltanol-2~tone-wat~r 1:5:1 s 
II-ButarioLacedc zcid-water 4:1:4 S 

acid, WE 34 sodium borate, sodium phosphate (pi? 5), and 0.1 M sodium bisulphite. 

During these trials, however, it became apparent that the best solvent system was a 
mixture of acetone, n-butanol and water, \\rith wHich Prey et drs found R, values as 
in T&e I, last Ike. Using this solvent system, the above buffers and a citrate- 
phosphate buffer (pif 4, commerciaIfy available) were tried in corrbinations. Et was 
found that a marked improvement was made when the plate was first dried, then 
sprayed with 0-Z M sodium bisulphite, dried, and then sprayed with the citrate- 
phosphate b;uEer_ From this point the proponions of acetone, n-butanol and water 
were optimized, and the method further improved by double resolution in_ the same 
direction. 

Sefection of the developing solution for the sugars was based on the nature of 
the this 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 
xgar spots Is. Good results were obtained with this method which produced dark 
rpots on a white background. 

A horizontal scan of a TLC plate is give8 in Fig. 2 for a fermentation run in 
- .%ich the three sugars were removed from sotution with time. A standard c~ntaini~~ng 

3.8 g//I mannose, 8.0 g/E glucose and 4.5 $1 galactose was spotted in position 3. The 
1 xrmentation broth of the same composition was sampled after a few minutes (spot 

i, and then at I-h i&xv& (spots 2,$ and 5). The peak height was measured from the 
id-point of the base cf the triangle formed from the peak and the shifting baseline. 

. he peak heights we_re translated into concentrations using a calibration curve as in 
1 ig. 2. This curve was obtained from TLC plates of sugar solutions of known con- 
c &rations. Fig. 3 was prepared for sugar concentrations up to 20.5 g/T mannose, 8.0 
&I glucose and 4.5 &/I galactose, and was derived from samples of pure sugars in 
G &i&d water aad in the fermentation broth. Horizontal SCZIIS on@’ were used in its 
j :epara&on. Standard errors for the three sugars were respectively 2-S, 3.6 and 5.6 %- 
1 Gnp and BeMafe$ gave standard errors of 3.1-17% fur monosaccharides in corn 
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A test for reprod~c8&ty, after the calibration cumes bad been established, 
i ;tye recoveries Of 100 * 5 % in- 25 analyses with all three sugars present. The time 
: :quked for this analysis was 3 h with plates prepared previously. FOUF samples phxs 

; standard could be nm, and two plates could be handled simrr~taneous~~. FOF a 

( ~~~pfefe fermentation run, afl sampfes could be analysed in GE day. 

< zXLUSEONS 

A metho has been deveioped for conditioning and developirtg a standard 
; LC plate so that mannose - gkcose and galactose could be separated and quantita- 
t: ,leiy anafysed. This method includes a double efution, with drying between efutions, 
alld a system of buffering the commercially avaifable silica get thin layer. 

A uniform and reproducible method of spotting was developed using a hypo- 
dzmic syringe to measure the sample voiffme, and the Kontes Chromaffex spotter to 

ensure uniffxIn appiication. 
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