
: ‘Pro&&r&for the separation,. location, and elution of malt&&osacch&ides ’ 

me dei;cribed.:‘Bes~.separa~ions &e’:obt&inkd on &l&:‘plates. (30 1 x qb;.'$t.Lo:'yj $n) 

hxited &ith :‘R&kelguhr G;“seria]ly developed. in solvents of, varying ,pro$%rt@~s, of 
,,‘x-butanol, p@%dine ‘and @teri Mkjor. zones. were .tempor?ri~y,. $sua.lized by kx@osing : 

the plates.to i@dino~v~pors.‘The ltiated. zones were eluted frot%the,thin-layer plz+s~: 
into_ fiberglass filter ‘pieces with, water. Radioactivity of the., zone .C&n : be, determined. ‘. 

direktly .,by ,piac,@g ‘;the filter in. a toluene-based scinti$tion fiui&. and cou&ing in 
’ a sciirti~&tian,,counter..,,.~fte~. ‘radioactivity determination, the, carbohydrates cae’ lie 
clutch fkciti’tlie filterwith &ter and quantitatively metiured.:‘, ‘, : ,’ ,,; : ‘: ,.,’ : ;“: .;.- . . ,, ‘., )“’ 2.. ‘I., . .,,: :..’ .’ ,:’ ‘.. I, . ,; i:: .’ ;,. ‘,:__ ..I ‘.,, 

,, ,, ‘I’,!‘: 
1ZIR0Dti~TL0N .‘:. ‘, ,‘. ..’ ‘, .;: :,’ : ” ‘-: 

: . . . ‘/ ;. .: ..‘. 
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. ..‘. . .,.. - ., .’ 
s ._ ,.,I ‘.,‘,( > ‘T% I 

; *.’ _. :!,‘ Sj ,, : ( ,_, ; ), :, 
,‘. 

.’ -A’, p&&&e ‘for the kepar&tion, ‘recovery and determination of:. both ,&rbohy- 
d+i coritent and rkdioaCti,vity’ of malto-oligosaocharides was. required as .&~rt of 
‘a’ study. of:“‘iic; V&O: starch $ynthesik, a; Paper chromatographic ‘;,separations require 

(’ w*ekl ‘;la’ys’,~: and generally. are only capable, of separating, malto-oligosaccharides of 
de~ee,a;f,~l~erization (DP) below EO ‘(cf; refs. a and 3).,,Several thin-layer chromkto- ‘,, 
&a@$ procedures, h&e been reported 44 ; ‘but these procedures have been designed 
ptimqily #or the separation, &d:‘qualitative or quantitative rne~snrem~nt of. the frac- 
.@ns j dire&.: on” the thinilayer. plate 6. ,This communication-‘deskribes a thin-liyer 
chkkatographio system’ suitable for the separation, of. malto-oligosaccharides with, 
nP of :up. t6 zo-is; ‘A ‘&okv&ient procedure for the location and elutton of zones will’ 
t)e de&i&d; : .:,:‘; : ,, ,; : :’ . ,, .I ,,,., 

.:,: ,. ‘. s 
.. 

A “. ,,:I, ;,’ 
; ‘. 

: .I ‘. ;,; “! ‘.,. . . 
.’ .’ l I?&& &&ultu&i E&&&t Station Journal Pa$er’&o.‘~37xz. 

~ ,“. 

“._ l * This,&udy.,w& I&wi when on’e of. us (J.C.S.) was a visiting profhssor of. Hoticulture at 
.Tbs.PCunsyl~ania,~~~e;.University; Wufv&sity~PaPk,:Pa.’ ,, ,’ .’ / ; * : ,,.. : 

‘,‘,, .,I 
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The Shandon 500 Chromatank* chambers were obtained from Colab Labora- 
tories, Inc., Chicago Heights, Ill. Carbohydrates were streaked on the thin-layer plates 
with a Micro Spray Pistol obtained from Brinkmann Instruments, Tnc.,- Westbury, 

. N.Y. A fixed thickness applicator was also obtained from Brinkmann Instru- 
‘merits, Inc. 

Kieselguhr G was a product of E. Merck, Darmstadt, G.F.R. Solvents were of 
reagent grade and used as received. The malto-oligosaccharide mixture, prepared by 
partial acid hydrolysis of amylose, was a gift from Dr. EL F. ZOBEL. 

Proce&m?s 
A Kieselguhr G layer 250,~ thick was spread on glass plates 20 x 46 x 0.5 cm. 

The plates were allowed to dry at room temperature overnight prior to use. The 
ma&o-oligosaccharide mixture was solubilized in go yO dimethylsulfoxide (DMSO) 
and aliquots (0.5~-20 mg) were applied as narrow streaks 2 cm above the lower edge 

I. 

Fig. I. (A). Developed thin-layer chromatogram exposed to iodine vapors. A 6 mg sample of malt* 
oligosaccharides was separated’as described for the large plates in Table II. (B). The plate pictured 
in (A) after spraying with 20 ml of detection reagent (18 ml of 93 O/O ethanol, 1.0 ml concentrated 
H&O, and x.0 ml of anikaldehyde) and heating at zoo0 for 25 mind. 

* Mention of a trademark name, proprietory product, or specific equipment does not con- 
stitute a guarantee or warranty by tie USDA and does not imply its appmvd to t,he exclusion of 
other products that may also be suitable. 



., 

,qides leonip@c *ith’, the fodino ‘vafiqrs mare ra@idly than the Kiesklguhr, and thus 
shoti uti:as light, &lqw ,bar+across the: plate :,which can ‘be marked .ori the back of 

: the ‘glass. ;The ione should’containtit least I00 pg” of malto-qligosacchari+s in’order 
t6 show ‘Up j&l. When the .plate is -,romoved .from’: the presen,$e of ,the iodine, vapors, 
the color, disappears rapidly: and the .maltc+oligosaccharides .are left unch+nged. ., 

‘Jhi~ malta, ojigo@ccharifles,’ can be elute;d: ,fro,m’. the, plate ‘by, first removing. a .” , 
sttetikof Xieselguhr o&+ ‘mm vide from between .each zone.’ Place ,tho. plate in -a. 
iltimid chamber. ,Th& ; ma~to_Migcsaccharicl& &nbe chromato@aphed;’ 0% the pl&e 
‘with ..water ‘kd, in@ Wh,atm+ GF-82 fiberglass pa@ir @iecq (x.5 mm x 4 cm). 
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&t- VALUES OF MIL~O-OL~OOSACCWARIDES SEPA~ATPb BY TW1N-LAYRR CRROMAfOGRAPHY 
Glass plal~ 5 x 20 cm and 20 x 45 cm were coated with a 250 p thick layer of Kieselguhr G. The malto- 
natively narrow streaks 16 cm long were applied to the large plates. All solvent compositions are given 

S0ZvsnC.s 

Small fi&zies 
7o:zo: fo 
60: 10 30: 
50:40:x0 
40:50:~0 
65:20:25d 
5o:4o:zod 
60:20: 200 
50:30:20 
45:35:20 
40:40:20 
35:45:20 
30:50: 20 

, 50:28:22 
45:33:22 
40:38:22 
39:39:22. 
30:48:22 
42:34:24 
40:36:24 
38:38:24 
50: 20: 30a 
40:30:30 
60:40:3o@J 

0.86 
0.90 
0.92 

0.94 
0.89 

9.93 
a.90 

0.93 
0.95 
0.96. 
0.96. 
0.96. 

a.93 
o-97 
0.93. 
o.95a 
o-93. 
0.96. 
0.92 
0.92 
0.88 

0.94 
0.92 

45:35:20 o-94 
40:38:22 0.93 
65:2o:r5d 0.87 
&x40:30” 0.9X 
5o:qo: 2od a.94 

0.56 0.25 
0.76 0.57 
0.83 o-77 
0.90 0.81 
0.78 0.60 
0.89 0.84 
0.82 0.70 
0.90 0.86 
0.9X 0.87 

0.93. o.gor 

OaP 0.89s 
0.92. 0-w 
0.88 0.82 
a.91 0.86 
0.89. 0.84 
9.90' 0.85 
'O*gO. kit856 
0.91. 0.87 
0.88 0.83' 
:a,?7 0.82 

. a;81 0.67 
0-w 0.86 
0:go o*&4 

3 

o.go 0.86; 
0-W 0.86 
o-77 0.61 
0.87 . 0.83 
a.91 0.87 

0.08 o&3 
o-37 0.18 
0.53 0.3x 
0.70 0.52 
0.39 0.20 
0.78 0.70 

0.54 0.37 
0.79 0.70 
0.81 0*74 
0.85 0.80 
0.85 0.79 
0.87 a.83 

0.75 0.67 
0.80 o-74 
0.8s 0.77 
0.82 0.78 

*x0.81 3 0,78 
0.83 0.78 
0.80 0.76 

0.7'7. 0.75 
..? 0.49 : o.gr 

0.82 a.79 
0.77 0.71 

. .’ , 
. 

6.81 0:77 
0.81 0.75 
0.42 a.24 
0.77 Q.6o 
0.8x . 0.74 

0.w * 
0.10 

o.xg 
0.36 

0.06 0.04 0.03 
0.12 0.08 0.05 
0.25 0.18 0.12 

0.63 0.55 
0.23 0.16 
ci:61 0.51 
0.67 0.61 

0.73 
'a.73 

0.65 
a.68 

a.78 0.71 
0.58 0.50 

o-69 0.64 

o-73 0.68 

0*73_ 0.68 

OF93 oi66 

0.95 0.70 

o-93 , 0.68 

0.62 0.60 
0.25 0.18 
0.94 f.. 0.68 
0.64 *' 0*57 

0.69 0.61 0.51 0.42 0.34 
0.90 0.62. o-53 0.45 0.37 
0.14 O*ag 0.05 0.03 0.02 
0.61 0*53 0.42 0.33 0.25 
0.65 0*55 o-44 0933 0.25 

. 

o-44 0.36 
0.10 0.07" 

0.39, 0.29 

o-53 0.44 
0.54 0.44 
o-59 0.50 
0.63 0.52 

a.39 0.31 
0.58 0.50 
0.62 0.55 
0.62 
Oi6Z : 

a.57 
0.53 

0.65 0.59' 
0.64 0330 

0.54 0.49 
0.14 0.1X 
0.62 0.55 
0.49 0.39 

0.10 

0.30 
0.03 
0.20 

0.35 
0.34 
0.41 
0.42 
0.23 
0.44 
0.49 
0.50 
.0.45 . ’ 
0.52 
0.55 
0.44 
0.08 
0.4gb 
0.31 

L Denotes detectable zo&s. which were very close together. 
b Very dark narrow zones composed of several different size malto-oligosaccharides. Thus all zones 
0 These solvents separated into two phases during chromatography. . 
d These solvents were used in the earlier study and are included for comparison. 

: 
RESULTS AND DISCUSS ION 0. 

. WEILL AGD HANI@ reported the separat.ion of malto-oligosaccharides up io 
DP g on thin-layer plates coated with Kielselguhr G. One of their better ,solvents was 
composed of x-butanol-pyridine-water (13 : 4 : 3). In our laboratory this solvent sepa- 
rated malto-oligosaccharides of DP 5 or smaller but the larger components remained 
near the origin. These same workers also reported the separation of malto-oligosac- 
charides to DP 10 with a I-butanol-ethanol-water (5:3: z) solvent. We found that 
this system resolved components to DP 7.; but the larger malto-oligosaccharides ap- 
peared as a smear up the lower half of the plate. HUBER e8 al.6 reported the separation 
of megalosaccharides up to about DP 35 using continuous TLC. In this separation 
components smaller than DP Ig were chromatographed off the plate. Their optimum 
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: sepkatrons ‘were obtained’& thin-Iayer. plates, co&ecJ .with :a. mixture :.,ofi three pa&$, “,:i> .,, ‘. ‘:‘$iJica,C+l G, and’.one part ~&e&lg@k C;.l:.+ solvemsystem’of zLprofi,anol-riitromethaney 

.I ,/,> ,,‘,’ 
:: waGr,,,&‘i 2’: 3) ,tias consider@ t$ ‘,be the.l,b;est;,,.When,ehis system ,v,as test,e’d .jn ou$ ‘la+ 
:, ,’ +&pry: there was,in&niplete, separation and, t?onkiderable ~smea+ng bettieen,:zone& :’ 

‘. .“. ‘:;‘, ’ ,,.’ Preliminary studies $&&ted~ that malto&ligosac,charides largerthan: PP.-+ 
‘,, ,:I’ 
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~~~AL~~~S~FM~T~~-~L~~~A~~~~~ID~S~EPA~~DI)YUNIDIMENSPC)N~MULTIPL~~.PHIN-LAYERGWROYA- 
TGGSZAPHY 

Srdl pIat= wepar& as described in Table E were developed their entire length I, 2 or 4 times in r-buta- 
once 25 cm in (39: 39: 22) ; once 3o cm in (so: 28: 22) and finally 40 cm in (7o: 20: IO). All plates were dried 

r)egves of pot~&xaMn 

.r 3 3 4, 5 6 7 8e 8 9 ro XI 

snrau ptnies 
40:40:20 z 
40:.$0:20 2 

&O:40:20 4. 

0.92. o-89’ 0.84 0.80 0.75 0.69 0.61 - o-53 o-44 o-34 0.27 

-b -b o.gg’ o.g8c 0.96” 0.94s o.gx 0.86 0.85 0.76 0.65 0.56 
,b ,b -b o.gtP o.gp a.gp 0.93s 0.92 o.go 0.8g o-79 0.7r 

. 

0.95 o-89 0.83 o-75 0.65 0.38 o-49 - 0.42 o-35 0.29 0.25 

0.87 0.84 0.74 0.67 o-59 0.53 0.46 - 0.41 o-35 0.30 0.26 

Y Same as in Table 9. 
b Zones crowded together mear the front. . 

0 Relative RP value of a I&P 8 standard chromatagramed on tie same plate. 

concentrated into a very narrow region. In an effort to find a solvent composition 
which can be used for optimum separation we have tested a number of systems corn- 
posed of varying proportions of r-butanol, pyridine and water chosen from points on ’ 

a ix&linear graph. These solvents were first tested on 5 x 20 cm plates coated with 
&ieselguhr 6. Several mixtures resulted in good separ&tions of malto-oligosaccharides 
(Table I). Multiple development of the small plates could be used to resolve the larger 
components (Table II). In an effort to obtain maximum separation on a single 
chromatogr+m, large plates were serially developed in several solvent combinations. 
One of the better separations utilized two developments (x8 and 25 cm) with a solvent 
shown to move the la?ger malto-oligosaccharides followed by development 213 of the 
distance with a solvent capable of separating the intermediate size components. ‘Ihe 
final full plate development separated the smallest compounds (Table II and Fig. r). 

If the separated malto-oligosaccharides are to be removed from the ,Kieselguhr 
G, a non-destructive method for the location of the zones is required. Iodine vapors 

TABLE ILL . 
RECOVERY OF MALTOSB PROM THIN-LAYER CHROMATOGRAM PLATES ' 

Maltose (0.5-4.0 mg) was streaked on a 20 x 20 cm thin-layer plate. After drying 2 x 20 cm zones 

containing the maltose were eluted with water into fiberglass filters. The maltose was then eluted 
from the filteminto IO ml scored tubes and the quantity recovered measured by the phenol-H,SO, 
procedure@. . 

MtaZtose added Multoss found .&cavev& 
Owl Wg) (%I . 

0.0 0.04s 
0.5 o-45 l 

x.0 ,- ’ 0.87 4g: 
2.0 x.83 91.5 
4.0 399 99.7 

.- 
C This amount in the blank was sub&acted from each standard sample. . 

J. ChvemtW?., 44 (~69) 3o7-314 
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taining between 4 and 20 mg of malto-oligosaccharide mixture were developed by a 
three-development system. The zones were visualized .with iodine and eluted with 
water. Over 80 “/0 of the carbohydrate was recovered in the first elutian (Table IV). 
The small amount of carbohydrate not eluted the first time was confined to the origin. 
With such a system one can measure the radioactivity of a zone by placing the dried 
filter, plus carbofiydrate, in a toluene based scintillation fluid and counting as @re- 
viously described 1. After counting, the filter can be removed, and dipped twice in 
toluene to remove the scintillators. The carbohydrates can be eluted from the filter 
with water and quantitatively measuredl. 
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